Abstract Cortinarius is a species-rich and morphologically challenging genus with a cosmopolitan distribution. Many names have not been used consistently and in some instances the same species has been described two or more times under separate names. This study focuses on subg. Phlegmacium as traditionally defined and includes species from boreal and temperate areas of the northern hemisphere. Our goals for this project were to: i) study type material to determine which species already have been described; ii) stabilize the use of Friesian and other older names by choosing a neo-or epitype; iii) describe new species that were discovered during the process of studying specimens; and iv) establish an accurate ITS barcoding database for Phlegmacium species. A total of 236 types representing 154 species were studied. Of these 114 species are described only once whereas 40 species had one ore more synonyms. Of the names studied only 61 were currently represented in GenBank. Neotypes are proposed for 21 species, and epitypes are designated for three species. In addition, 20 new species are described and six new combinations made. As a consequence ITS barcodes for 175 Cortinarius species are released.
INTRODUCTION
Studies using DNA sequence data have shown that the diversity of fungi far exceeds earlier expectations with many common species of macrofungi still to be described and named (Schmit & Mueller 2007) . In addition, it is not always easy to determine which species have been described and which are new to science, unless the type specimens of existing names can be carefully studied, including DNA sequencing.
For many species of macrofungi the names have been difficult or even impossible to interpret. The most difficult ones are the older names with brief descriptions and usually without type material. But even if type material exists it can be very difficult to be certain of the identification based only on morphology, especially in challenging genera like Cortinarius where there is considerable convergence in morphology, colouration, and microscopic features. Furthermore, the literature is often difficult to obtain, making it hard to get information on available names and their application by earlier taxonomists. Consequently, many names have not been used consistently and in some cases the same species has been described two or more times under separate names. In instances where there is no type material available, a neotype (or a lectotype if collections of the author are available) is required to stabilize the use of the name. Finally, old type collections that are considered historical materials may not be available for study or DNA sequencing requiring the selection of an epitype.
The development of molecular techniques has provided a more unambiguous tool to identify species. Currently the most commonly used locus in species level taxonomy is the nuclear ribosomal internal transcribed spacer (ITS), which has been proposed as a universal barcode marker for fungi (Schoch et al. 2012 ). The region is present in several chromosomes and is arranged in tandem repeats that are thousands of copies long (Burnett 2003) . Due to the high copy number the region usually is easy to amplify and sequence, even from very old specimens (Larsson & Jacobsson 2004) . In Cortinarius the ITS was proposed as a species-identifier sequence already in 2007 by Frøslev et al. and in 2008 by Ortega et al. It has also been shown that in the majority of the cases ITS is suitable for species delimitation in Cortinarius. The results of the multi-gene phylogenetic study based on ITS, rpb1, and rpb2 regions by Frøslev et al. (2005) showed that inference from ITS alone is indicative of the species level phylogenetic delimitations of multi-gene analyses. Furthermore, the delimitations inferred from ITS usually correlate with the morphospecies (Frøslev et al. 2007 , Ortega et al. 2008 , Niskanen et al. 2012b .
Cortinarius is the largest genus of Agaricales with a cosmopolitan distribution and over 2 000 described species (Kirk et al. 2008) . Cortinarius species are important ectomycorrhizal fungi associated with different trees and shrubs, belonging to the order Fagales, families Caesalpiniaceae, Cistaceae, Diptero carpaceae, Myrtaceae, Pinaceae, Rhamnaceae, Rosaceae and Salicaceae as well as a few herbaceous plants in the Cypera ceae. Owing to their often narrow ecological preferences and sensitivity to environmental change, many Cortinarius species have been used as indicator species for valuable natural environments, e.g. in Sweden and Denmark (Vesterholt 1991 , Hallingbäck & Aronsson 1998 , Frøslev & Jeppesen 2011 . Lately it also was suggested that they have a key role in the carbon cycling of boreal forests (Bödeker et al. 2011 ).
The largest type study of Agaricales species to date: bringing identification and nomenclature of Phlegmacium (Cortinarius) into the DNA era Many of the major studies in Cortinarius have dealt with North American and especially European species, while the species of southern hemisphere are somewhat less studied (Moser & Horak 1975 , Garnica et al. 2002 , Cleland 1976 (1935 , Gasparini & Soop 2008) . In Europe the most extensive studies have been done by Fries (e.g., 1821 Fries (e.g., , 1836 Fries (e.g., -1838 Fries (e.g., , 1851 ) from Sweden, Henry (e.g., 1951 Henry (e.g., , 1958 Henry (e.g., , 1981 Henry (e.g., , 1986 and Bidaud et al. (e.g., 1992 Bidaud et al. (e.g., , 2010 from France, Moser (e.g. 1960 Moser (e.g. , 1969 Moser (e.g. -1970 Moser (e.g. , 1983 ) from Central Europe, Høiland (1984) , Brandrud (e.g., 1996 Brandrud (e.g., , 1998 , Brandrud et al. (e.g., 1990 Brandrud et al. (e.g., , 2012 and Niskanen et al. (e.g., 2009 Niskanen et al. (e.g., , 2011a Niskanen et al. (e.g., , 2013a mainly from northern Europe, Frøslev et al. (e.g., 2006 Frøslev et al. (e.g., , 2007 from northern and Central Europe, Orton (1955 Orton ( , 1958 from Great Britain, and Ortega et al. (2008) and Suárez-Santiago et al. (2009) from mediterranean area. Selected papers of some of the major contributors to Cortinarius systematics in North America include Peck (1873; also see Gilbertson 1962) , Kauffman (1918 Kauffman ( , 1923 Kauffman ( , 1932 , Smith (1939 Smith ( , 1942 Smith ( , 1944 , Ammirati (1972) , Ammirati et al. (2013) , Garnica et al. (2009) , Liu et al. (1997) , Moser & Ammirati (1996 , 1999 , Moser et al. (1995) , Bojantchev (2011a, b) and Niskanen et al. (2013b, c) .
Very little is known about the distribution of Cortinarius species on a larger scale or the differences in the species composition between the continents, although species in the southern hemisphere are distinct from those in the northern hemisphere (Peintner et al. 2004 , Garnica et al. 2005 ). However, recent molecular studies on Cortinarius have shed some light on these questions for North America and Europe (Moser & Peintner 2002 , Matheny & Ammirati 2006 , Garnica et al. 2009 , Harrower et al. 2011 , Ammirati et al. 2013 , Niskanen et al. 2011b , 2012c , 2013b . These studies show several patterns of species distributions. There are species common to North America and Europe, especially those species from more northern and montane conifer forests, i.e. Cortinarius aureofulvus M.M. Moser s.auct., C. napus Fr. and C. pinophilus Soop, but also endemic species occur both in western North America, eastern North America and Europe, i.e. C. elegantiooccidentalis Garnica & Ammirati in western North America, C. hesleri Ammirati, Niskanen, Liimat. & Matheny in eastern North America and C. puniceus P.D. Orton in Europe. Cortinarius species composition is somewhat similar between eastern North America and Europe, but there appears to be less similarity between Europe and western North America.
Different infrageneric classification systems have been proposed for Cortinarius, i.e. Brandrud et al. (1990) divided the genus in four subgenera: Cortinarius, Myxacium, Phlegmacium and Telamonia. Recent molecular analyses have shown that Cortinarius is monophyletic, but also that many of the infrageneric groups such as subg. Phlegmacium are not monophyletic (Peintner et al. 2004 , Garnica et al. 2005 . Nonetheless, several authors have treated subg. Phlegmacium in similar ways (Moser 1983 , Bidaud et al. 1994 including in it species with viscid to glutinous pileus and dry, often bulbous stipe, or dry-capped, stout species with a yellow KOH reaction, i.e. the species of sect. Phlegmacioides (Niskanen et al. 2012a ).
Molecular techniques have been in use for more than a decade, and the sequencing of ITS regions even from older Cortinarius specimens is possible. Furthermore, type studies are essential for a stable and consistent application of names in Cortinarius where currently a large percentage of the Cortinarius sequences are incorrectly named or without a name in the public sequence databases (e.g., Niskanen et al. 2011a) . While several papers present sequences for individuals or groups of species, for example Garnica et al. (2009) and Niskanen et al. (2011a) , the only large study is that of Frøslev et al. (2007) where 52 types of Cortinarius sect. Calochroi were sequenced. The present study focuses on Cortinarius subg. Phlegmacium as traditionally defined and includes species from boreal and temperate areas of the northern hemisphere. Our goals for this project are to: i) study type material to determine which taxa have already been described; ii) stabilize the use of Friesian and other older names by choosing a neo-or epitype; iii) describe new species that were discovered during the process of studying specimens; and iv) establish an accurate ITS barcoding database for Phlegmacium species.
MATERIALS AND METHODS

Taxon sampling
The type specimens of species of subg. Phlegmacium published over many years by J.F. Ammirati Brandrud et al. (1990 Brandrud et al. ( , 1992 Brandrud et al. ( , 1994 Brandrud et al. ( , 1998 . The species of sections Calochroi, Fulvi and Riederi described from Europe were generally excluded. The first two have been treated by Frøslev et al. (e.g., 2007) and the latter will be treated by Brandrud et al. in the near future. In some instances type material could not be acquired from herbaria, for example, the Cortinarius type collections of C.H. Peck were only recently available on loan from the New York State Museum and will be included in a later study.
Our aim was to have at least two sequences per species in our study. Therefore, in addition to sequences from type specimens, either our own unpublished sequences or additional sequences retrieved from the sequence databases GenBank and UNITE were included. Unpublished sequences were also supplied by D. Bojantchev, K. Hughes and A. Taylor. Information on the sequences of type specimens is available in Table 1 and information on other sequences included in the phylogenetic analysis is available in Table 2 . Herbarium acronyms follow Index Herbariorum (Thiers 2013 ).
Molecular analyses
DNA was extracted from a few milligrams of dried material (a piece of lamella) with the NucleoSpin Plant kit (MachereyNagel, Düren, Germany), or with various CTAB protocols in Brandrud's and Frøslev's specimens (see Frøslev et al. 2005 Frøslev et al. , 2007 . Primers ITS 1F and ITS 4 (White et al. 1990 , Gardes & Bruns 1993 were used to amplify ITS regions. The same primer pairs were used in direct sequencing. For problematic material the primer combinations ITS 1F/ITS 2 and ITS 3/ITS 4 were also used. PCR amplifications were performed in a 25 µL reaction mix with about 70 ng extracted DNA, 1 U Phusion High-Fidelity DNA polymerase and 1× HF buffer (Finnzymes), 200 mM of each dNTP and 0.5 μM of each primer. The PCR reactions were run on a MBS 0.2 G Thermal Cycler (Thermo Hybaid) with the following settings: denaturation for 30 s at 98 °C, followed by 35 cycles of denaturation for 10 s at 98 °C, annealing for 30 s at 50 °C and extension for 30 s at 72 °C. The PCR products were purified using an ExoSAP-IT purification kit (Amersham Biosciences). Sequencing was performed on both strands using a BigDye Terminator v. 1.1 Sequencing kit (Applied Biosystems). Reactions were performed in 10 µL with 1 µL of PCR product, 1.3 mM of primer (ITS 1F or ITS 4), 1 µL 5X sequencing buffer, and 1 µL of Terminator Ready Reaction Mix. Reactions were run for 1 min at 96 °C, followed by 30 cycles of 30 s at 96 °C, 15 s at 50 °C and 4 min at 60 °C. Unincorporated dye terminators and primers were removed by Sephadex G-50 DNA Grade Fine (Amersham Biosciences) purification system, ( Fig. 1 The Bayesian 50 % majority-rule consensus tree inferred from ITS regions. PP > 0.50 are indicated above branches. In blue colour and bold are new species described in this study as well as new combinations made and in orange and bold neo-and epitypes designated in this study. In pink are species described by French authors, in red species described by other European authors, in green species described by North American authors and in black other specimens included in this study. and the reactions were analysed by ABI 3730 DNA Analyzer (Applied Biosystems) automatic sequencer. Sequences were assembled and edited with Sequencer 4.1 (Gene Codes, Ann Arbor, Michigan, USA). A total of 405 new ITS sequences were produced for this study. Collections and GenBank sequences used for the phylogenetic analysis are given in Table 1 and 2. The alignment of 461 ITS sequences was produced with the MUSCLE program (Edgar 2004 ) under default settings and followed by manual adjustments in BioEdit (www.mbio.ncsu.edu/ BioEdit/bioedit.html). The alignment is 812 nucleotides long (in cluding gaps) and is available at TreeBASE under S14832 (http://www.treebase.org/treebase-web/home.html).
/Purpurascentes
Bayesian inference (BI) was performed with MrBayes v. 3.1.1 (Ronquist & Huelsenbeck 2003) . The best substitution model for alignment was estimated by both the Akaike information criterion and the Bayesian information criterion with jModelTest 0.1.1 (Posada 2008) . GTR model was chosen. Two independent runs with four chains in each were performed 6 000 000 generations with sampling every 100th generation. All trees sampled before stationarity were discarded with a 25 % safety margin (burn-in of 15 000 trees, 1 500 000 generations). Sampled trees from both runs were combined in a 50 % majority rule consensus phylogram with posterior probabilities (PP). The analyses were run with computer clusters of the CSC, IT Center for Science, Espoo, Finland.
Morphological study
Morphological descriptions are based on material collected by the authors and D. Bojantchev, T.E. Brandrud, T.S. Jeppesen, E. Sesli and A.F. Taylor including specimens in all stages of development. Microscopic characteristics were observed from dried material mounted in Melzer's reagent (MLZ). Measurements were made in MLZ with an ocular micrometer using 100× oil-immersion lens. Basidiospores were measured from the veil or top of the stipe, 20 spores from one basidiocarp unless otherwise indicated. The length and width were measured for each spore, and their length/width ratios (Q value) were calculated. The average of all measurements is marked in italic. The lamellar trama and basidia also were examined and the pileipellis structure was studied from scalps from the pileus centre.
RESULTS
Phylogenetic analyses
The 50 % majority rule phylogram resulting from the BI analysis is shown in Fig. 1 . Most species are supported by 1.00 PP (or slightly less). Six species received support below 0.95 PP: C. castaneicolor, C. collocandoides, C. flavescentipes (= C. bal teatocumatilis s.auct.), C. herpeticus, C. infractiflavus and C. multiformis. Three species, C. balteatoalutaceus, C. pseudo cephalixus and C. subfoetens did not form monophyletic groups in our phylogenetic analysis. Most of these nine species represent species that differ from their closest relatives by less than 10 substitutions and indel positions in ITS regions, but they all, however, have low intraspecific variation.
In a majority of the species, the intraspecific variation is from 0 to 1 substitutions or indel positions. In some species it is 2 substitutions and/or indel positions. Similarly, in a majority of the species, the interspecific difference is more than 10 substitutions and indel positions, but in some species it is only four, i.e. in the species pair C. claricolor /C. rexclaricolorum. All the species, however, have a clear barcoding gap between intra-and interspecific variation. In the following species the intraspecific variation was more than two substitutions and/or indel positions, but no clear grouping was obtained in the analysis of ITS sequences or the number of specimens was too low for making conclusions: C. albescens /C. 1.00
1.00
1.00 1.00
/Glaucopodes
Cortinarius gentianeus (= s. auct.) C. caesiostramineus
/Caerulescentes
C. subrubrovelatus accedens /C. vancampiae complex, C. pallidirimosus, C. por phyropus and C. scaurus.
A total of 236 types representing 154 species were successfully sequenced. Of these, 114 species are described only once whereas 40 species had one or more synonyms. The species with the largest number of synonyms are C. largus (14 synonyms), C. pseudonaevosus (6 synonyms), C. talus (5 synonyms), C. crassus (4 synonyms) and C. varius (4 synonyms). All the names of the types are listed in alphabetical order in Table 1 , followed by the current name. 
Taxonomy
Neo and epitypifications
Neotypes for 15 species described by Fries and six species described by Albertini, Batsch, Britzelmayr, Persoon, Schaeffer and Schweinitz are proposed as well as epitypes for three species described by Batsch, Cordier and Schaeffer in the 19th century. These include names that have been commonly used in Europe during the last 20 years (Brandrud et al. 1990 ,1992 , Jeppesen et al. 2012 ) and where the current use of the names is not in contradiction with the protologue. Citations of illustrations and descriptions of the species are provided. If our observations on the species deviate from those of Brandrud et al. (1990 Brandrud et al. ( ,1992 Brandrud et al. ( , 1994 Brandrud et al. ( , 1998 and /or Jeppesen et al. (2012) , they are presented in comments under each species. For C. cyanites and C. fraudulosus full descriptions are provided since the current use of the name included several closely related species. Synonyms are based on DNA studies of the type specimens and the information on the types is presented in Illustrations - Bidaud et al. (2005: pl. 534 ), Fries (1867 Fries ( -1884 .
Pileus 3-9 cm broad, convex with persistently incurved margin, plano-convex when old, innately fibrillose, greyish blue to greyish brown at centre, greyish blue towards the margin, first viscid but soon dry. Lamellae emarginate, medium spaced to almost crowded, first dark violet, later brownish violet. Stipe 4.5-10 cm long, 1-1.5 cm thick at apex, 1.5-4 cm at base, clavate, blue to greyish blue. Universal veil greyish to brownish grey, forming complete and incomplete fibrillose girdles on stipe. Context bluish white in pileus, stronger blue adjacent to lamellae, bluish in stipe, becoming vinaceous red on exposure, marbled hygrophanous. Odour pleasant, fruity (according to Bidaud et al. 2005) . Exsiccata: pileus pale bluish grey to lilac grey, when young with the same tint as C. traganus, often with a pale brownish tint at the centre, weakly fibrillose, stipe bluish grey, brownish at the base.
Spores 8.8 -9.8 -10.9 × 5.2 -5.7-6.3 µm, av. = 9.5 -10.0 × 5.5-5.8 µm, Q = 1.59-1.72-1.84, Qav. = 1.66-1.77 (6 specimens, 240 spores), amygdaloid, with a fairly narrow apex, moderately verrucose, some with few small golden yellow guttules, fairly faintly dextrinoid. Basidia 32-41 × 7-9 µm (80 basidia), 4-spored, narrowly clavate, with blood red guttules, many with yellowish contents. Lamellar trama hyphae yellowish, smooth, with abundant small to large to worm-like blood red guttules. Stipe apex hyphae almost colourless to yellowish, smooth, with abundant small to large to worm-like, blood red guttules, the guttulate layer thick. On the surface few bands of entangled, ochraceous hyphae mostly without guttules. Pileipellis: epicutis very weakly gelatinous, uppermost hyphae 3-10 µm wide, very pale ochraceous brownish, mostly very sparsely, spot-like incrusted, often with scanty to abundant small blood red guttules, lower down 3 -9 µm wide, almost colourless, smooth hyphae with abundant small to large to worm-like, blood red guttules. Hypoderm not developed.
Ecology & Distribution -In mixed forests of coniferous and deciduous trees, host unknown.
Notes -We studied the C. cyanites species complex and recognized three different species, C. cyanites s.str., C. bo reicyanites and C. violaceorubens. All the species were well supported in our phylogenetic analysis and differ from one another by more than 20 substitutions and indel positions. The most distinct of the species is C. violaceorubens. It has a dark, violaceous-brownish pileus, the exsiccata are dirty violaceous grey to violaceous brown, and the spores are largest of the group (av. 9.9 -11.0 × 6.3 -6.6 µm). It grows in Picea dominated forests, often on rich soil and is known from France, Germany, Sweden and Finland. Sister species C. cyanites and C. boreicyanites both have smaller spores and paler exsiccata. Of these, C. boreicyanites is so far only known from the middle boreal zone of Sweden, Finland and Scotland while C. cyanites has a more southern distribution extending from South Finland and middle Sweden to France. In the protologue of C. cyanites Fries described a species with a "pileo pallide coeruleo". In addition, the picture of C. cyanites in Fries (1867 Fries ( -1884 illustrates a species with a bluish grey pileus. Attached at the base of the stipe there are leaves of Quercus and Betula and spruce needles. Based on the protologue, illustration, and ecology and distribution of the three species we conclude that the species best fitting the description of Fries is the one described here as C. cyanites and we here propose collection A. Taylor 2005069 as neotype for the species. Illustration - Abarenkov et al. (2010: photo under the accession no. UDB011906).
Cortinarius fraudulosus
Pileus 4 -8 cm broad, hemispherical to convex, then planoconvex, fibrillose, white to ochraceous white when young, with age becoming pale brownish. Lamellae emarginate, almost distant, first white to very pale brownish grey, later pale brown. Stipe 5 -10 cm long, 1-2 cm thick at apex, 1.5 -3.5 cm wide at base, clavate to almost bulbose, sometimes slightly rooting, whitish, with handling and with age becomes brownish. Uni versal veil white, forming distinct girdles on stipe, sometimes floccose. Context white. Odour not recorded. Exsiccata pale greyish brown.
Spores 12.9 -13.7-15.0 × 7.3 -8.1-8.8 µm, Q = 1.60-1.70 -1.78 (1 specimen, 20 spores), amygdaloid, with a narrow apex, fairly strongly verrucose, warts anastomosing, not high, some with dark intracellular granules, moderately dextrinoid. Basidia 42-53 × 10 -12 µm (20 basidia), 4-spored, clavate, otherwise colourless but with a few dark granular bodies. Lamellar trama hyphae sand brown, full of small dark granules or particles. Stipe apex hyphae yellow brown to red brown, entangled, otherwise colourless, but with small to large to long bodies of red brown to red blackish to black granules, uppermost hyphae 5 -10 µm wide. Pileipellis: epicutis fairly weakly gelatinous, hyphae 5-15 µm wide, ochraceous brownish, finely, densely incrusted, with scanty red brown granules. Hypoderm present. In the overall view red brown and unstructured when seen from above.
Ecology & Distribution -In montane and hemiboreal conifer forests, calcicolous. Known from Germany, Italy and Estonia. Fruiting in autumn.
Notes -The material of C. fraudulosus formed two well supported groups in our phylogenetic analysis. One group consisted of specimens collected from Germany, Italy and Estonia while the other group included mainly specimens from northern Europe. Since C. fraudulosus Britzelm. is described from Germany, the neotype is chosen among the Central/ southern European clade and the other is described below as a new species C. subfraudulosus. Notes -The description of Agaricus glaucopus in Fries (1821) is short but fits our species. In addition, an unpublished plate of C. glaucopus painted with the supervision of Fries (S, 0318) exists. It represents a species with red brown pileus and bluish lamellae. It is very similar to the photograph of collection CFP786 in Brandrud et al. (1994) , which we propose as a neotype for the species. Our observations of C. glaucopus are consistent with those of Jeppesen et al. (2012) , only the length of the spores is slightly different: our measurements 7.3-8.1-9 × 4.5-5.0-5.5 µm, Q = 1.54-1.63-1.76, Jeppesen et al. (2012) : 7-8.5 × 4.5-5.5 µm. Jeppesen et al. (2012: 784) .
Cortinarius herpeticus
Notes -An unpublished plate of C. herpeticus (S, 0324) painted with the supervision of Fries exists. The basidiomes in the illustration are similar to the ones in the photo of collection CFP936 (Brandrud et al. 1994 ), which we propose as a neotype for the species. Cortinarius herpeticus is distinguished from C. scaurus by a stouter appearance, paler colours, more strongly ornamented spores and above all the lack of sepia-coloured pigments in the epicutis. Cortinarius violaceonitens is fairly similar, but is separated by the spores, which are narrower (9.3-10.0 -10.7 × 5.4-5.9-6.3 µm), amygdaloid-fusoid, with a shallow suprahilar depression, a low ventral humb and blunt apex, and very strongly verrucose surface especially at the apex. The spores of C. herpeticus are 9.1-10.3 -11.6 × 5.7-6.4 -7.0 µm, narrowly oblong-ellipsoid, and moderately to strongly verrucose. Illustration - Brandrud et al. (1998: pl. D22 ). Descriptions of the species -Brandrud (1998), Brandrud et al. (1998: pl. D22), Jeppesen et al. (2012: 815) .
Notes -Based on morphological and molecular data C. largus seems like a uniform species. The collection CFP1085 ), however, is from France and therefore not ideal as a type for a species described from Sweden. We do not have our own, well-documented specimen from Sweden and therefore we propose the collection K. Liimatainen & T. Nis kanen 08-060 from hemiboreal deciduous forest from south western Finland as a neotype for the species. Notes -The species as neotypified here fits best the original description of the species and the unpublished plate of C. multiformis (S0350). The reminiscent sister species C. tali multiformis, which has been mixed with C. multiformis, has white fibrils on the pileus, and less dextrinoid spores. Our observations of C. multiformis are in concordance with those of Brandrud et al. (1990) and Jeppesen et al. (2012: 808) , except that our spore measurements are somewhat larger, 8.6-9.6-10.4 × 5.2-5.7-6.1 µm, Q = 1.58-1.70 -1.79 than those of Brandrud et al. (1990) and Jeppesen et al. (2012) Notes -The description and illustration of C. pansa published by Fries (1818 Fries ( , 1867 Fries ( -1884 fit well with the species presented in Jeppesen et al. (2012) . The spore measurements given in Jeppesen et al. (2012) (6-)6.5-7.5 × 4-5 µm differ somewhat from ours 6.8-7.5 -8.2 × 4.3-4.6-5.0 µm, Q = 1.52-1.64-1.82. The species was previously included in C. glaucopus but differs from it by more red brown pileus, smaller, less verrucose spores, and habitat often on roadsides, yards, parks and plantations. Notes -Based on morphological and molecular data C. per comis seems like a uniform species. The collection CFP1104 (Brandrud et al. 1994 ), however, is from France and therefore not ideal as a type for a species described from Sweden. We do not have our own, well-documented specimen from Sweden and therefore we propose the collection K. Liimatainen & T. Nis kanen 08-041 from hemiboreal Picea abies dominated forest from south western Finland as a neotype for the species. An identical ITS sequence of the species from a specimen collected from Sweden, however, exists in UNITE (UDB000726). Notes -Cortinarius porphyropus is described from Germany. Based on our studies it is a uniform and widespread species occurring at least in Europe and North America (Fig.  1) . The most representative collection CFP717 from Sweden is here proposed as a neotype for the species. Notes -Cortinarius praestans is one of the most distinctive Cortinarius species and is easy to recognize by its large basidiomata and spores, and habitat with thermophilous deciduous trees. It is described from France, but identical sequences of the species exist from Estonia, Germany, Italy and Sweden (Fig. 1, Table 2 ). Notes -Based on the data we have so far, the species is known from northern to southern Europe (Fig. 1) . Notes -Cortinarius scaurus is a widespread species and to date known from eastern North America and Europe (Fig. 1) . The most representative collection CFP1074 from Switzerland is proposed as a neotype and the ITS sequence of the specimen is identical to the UNITE sequence UDB001068 from Femsjö, Sweden. Notes -Based on the data we have so far the species is known from northern to southern Europe (Fig. 1) Notes -Our observations of the species are in concordance with those of Brandrud et al. (1992) and Jeppesen et al. (2012) , except for the length of the spores, which according to our measurements is 7.3-8.0-8.8 × 4.5-5.0-5.2 µm and in Brandrud et al. (1992) and Jeppesen et al. (2012) 7.5-9.5 × 4.5-5.5 µm. Illustrations - Brandrud et al. (1992: pl. B20), Fries (1867 Fries ( -1884 ). Descriptions of the species -Brandrud (1998), Brandrud et al. (1992: pl. B20), Jeppesen et al. (2012: 815) . Pileus 3.5-5.5 cm broad, hemispherical to convex, then expanded, very finely innately fibrillose, cream-coloured to pale ochraceous yellow. Lamellae emarginate, almost crowded, pale greyish brown. Stipe 6.5 -9.5 cm long, 0.7-1.4 cm thick at apex, 1-2.3 cm wide at base, with slightly marginate bulb, at first white, becoming pale brownish yellow with age. Universal veil white, sparse, at bulb margin. Context white. Odour indistinct. Taste: pileus cuticle bitter. Exsiccata: pileus ochraceous clay-colour to ochraceous yellow to warm ochraceous brown especially at the centre, stipe pale grey to brown.
Cortinarius multiformis
Cortinarius percomis
Cortinarius praestans
Cortinarius purpurascens
Cortinarius russus
Cortinarius serarius
Cortinarius turmalis
NEw SpECIES AND COMbINATIONS
Species with an isolated position
Cortinarius cremeiamarescens
In MLZ: Spores 7.0 -7.8-8.8 × 4.3 -4.7-5.0 µm, av. = 7.5-8.3 × 4.6-4.9 µm, Q = 1.54-1.67-1.87, Qav. = 1.59-1.74 (9 specimens, 260 spores, Fig. 3a) , citriform to narrowly fusoid, beaked, thin-walled, fairly finely, densely, and often sharply verrucose, slightly to moderately dextrinoid. Basidia 24-34 × 6.5-8 µm (80 basidia), 4-spored, narrowly clavate, very thin-walled, colourless, more or less filled with blood red drops. Lamellar trama hyphae yellow, filled with small blood red drops, larger globose and worm-like guttules fairly scanty (especially more scanty than in C. gentianeus). Stipe apex hyphae almost colourless to yellow, smooth, full of small golden yellow to blood red drops, larger globose and worm-like guttules fewer. Pileipellis: epicutis strongly gelatinous, hyphae 2-6 µm wide, very thin-walled and difficult to define, filled with small to medium-sized blood red guttules, mostly evenly distributed in the hyphae. Hypoderm present, pale yellow. In C. gentianeus the epicutis hyphae are full of very long, worm-like, foamy guttules and the blood red layer is much thicker than in C. cremeiamarescens.
Ecology Notes -Cortinarius cremeiamarescens was previously confused taxonomically with C. gentianeus Rob. Henry (= C. cae siostramineus sensu Jeppesen et al. 2012 p.p.) . However, the latter species is larger, typically has paler, more whitish or greyish exsiccata and larger (7.7-8.5-9.3 × 4.8-5.2 -5.4 µm, Q = 1.54-1.65-1.76), amygdaloid to citriform, less thin-walled, more dextrinoid, and more verrucose spores, and much more abundant large, blood red, foamy, worm-like guttules in the pileipellis and lamellar trama. Cortinarius cremeiamarescens formed a well-supported clade in our phylogenetic analysis (1.00 PP). The ITS sequences of the species are identical and it differs from its sister species C. gentianeus by 17 substitutions and indel positions. Further relationships with other species of Cortinarius were not resolved in our analysis. Pileus 5-8 cm broad, hemispherical to convex, then plano-convex, viscid, finely innately fibrillose, olive brown to ochraceous brown to brown at the centre, lighter at the margin, with hygrophanous streaks. Lamellae emarginate, crowded, first distinctly pale bluish, later pale brown with a bluish tint. Stipe 6-10 cm long, 1-1.8 cm thick at apex, 1.5-2.5 cm wide at base, clavate to almost cylindrical, whitish, with a bluish tint at the apex. Universal veil yellow, forming girdles on stipe, somewhat viscid. Context white in pileus and lower part of the stipe, bluish at stipe apex. Odour indistinct. KOHreaction negative in all parts. Exsiccata: pileus warm yellowish to reddish brown, stipe whitish. In MLZ: Spores 9.1-9.8 -10.9 × 5.0 -5.4 -5.9 µm, Q = 1.67-1.82-1.98 (1 specimen, 60 spores, Fig. 3b ), amygdaloid-fusoid to slightly, narrowly citriform, with a shallow suprahilar depression and somewhat beaked apex, fairly finely, separately verrucose, slightly dextrinoid. Basidia 27-38 × 7.5 -8 µm (40 basidia), 4-spored, clavate, pale sand brown, with few dark red brown granules, almost hyaline when mature. Lamellar trama hyphae: with abundant dark granules and chips, sometimes in small mounds. Stipe apex hyphae pale yellowish sand brown with small brown granules, outermost hyphae entangled, narrow, with more or less abundant blackish red granules. Pileipel lis: epicutis strongly gelatinous, uppermost hyphae 5 -10 µm wide, ochre brown, finely to strongly spirally incrusted, mostly not granulose, lower down dark-granulose. Hypoderm well developed, red brown. The upper part of the hypoderm and the transition hyphae towards the epicutis strongly incrusted and with mounds of blackish brown granules. Evenly distributed small granules present (sometimes absent) between the mounds.
Cortinarius flavivelatus
Ecology & Distribution -In northern boreal coniferous forests. Known from Sweden, Norrbotten. No sequences of this species exist in public databases.
Notes -Based on morphology and molecular data C. flavi velatus is a sister species of C. pini Brandrud. Cortinarius pini, however, has white, sometimes ochraceous white universal veil and much larger spores (10.7-11.7-12.9 × 6.3 -6.8-7.3 µm) . In ITS regions the difference between the species is 17 substitutions and indel positions. Pileus 6-9 cm broad, hemispherical to convex, then expanded, finely innately fibrillose, yellow brown to brown, with hygrophanous streaks. Lamellae emarginate, almost crowded to medium spaced, at first pale brownish grey, becoming more brown with age. Stipe 6 -9 cm long, 1.2 -1.5 cm thick at apex, 2 -2.5 cm wide at base, with fairly narrow, marginate bulb, at first white, becoming pale brownish yellow with age. Context whitish to pale yellow. Odour indistinct. KOH reactions: in pileipellis brown (no reddish tints); in context, mycelium and bulb margin negative. Exsiccata: pileus dull, dark red brown overall, stipe almost concolorous with pileus.
Cortinarius kytoevuorii
In MLZ: Spores: 7.5 -8.5 -9.5 × 5.0 -5.3 -5.4 µm, Q = 1.54-1. 61-1.72 (1 specimen, 60 spores, Fig. 3c ), amygdaloidellipsoid, very strongly, separately, ± sharply verrucose (C. por phyropus like but more dextrinoid), slightly to moderately dextrinoid. Basidia: 24 -32 × 7.5 -9 µm (20 basidia), 4-spored, clavate. Lamellar trama hyphae: pale pellucid yellowish, guttulate, smooth. Stipe apex hyphae colourless to pale strawcoloured, smooth, guttulate. Pileipellis: epicutis in overall view orange, (very) weakly gelatinous, hyphae 5-10 µm wide, finely to strongly spirally incrusted, many of the uppermost ones abundantly with intercellular, unevenly distributed, orange red granules, granule mounds and concretions. Large-celled hypoderm present, yellowish and with scanty small orange granules in the upper part, lower down colourless.
Ecology & Distribution -In coniferous forests, on calcareous soil. Fruits in autumn.
Notes -Cortinarius kytoevuorii is reminiscent of C. glauco pus but is more slender, has a yellow brown to brown pileus, and lacks bluish tints in basidiomata. It is most easily recognised by the orange red granules and concretions in the uppermost hyphae of the pileipellis when mounted in MLZ. The sister species C. subrugulosus Bidaud & Armada has a more southern distribution. The northernmost known collection is from Sweden, Öland under Fagus (Kytövuori 98-2578 (H)). Furthermore, the spores are shorter (7.3-7.9 -8.6 × 5.0-5.3 -5.7 µm), relatively broader (Qav. = 1.5), less verrucose, and more strongly dextrinoid, and in the pileipellis small yellow to blood-red guttules are seen in MLZ. In our phylogenetic analysis C. kytoevuorii formed a well-supported clade (1.00 PP) with C. subrugulosus, but further relationships were not solved. The difference in ITS regions between the two sister species is 11 substitutions and indel positions.
Cortinarius ochribubalinus Kytöv., Liimat. & Niskanen, sp. nov.
-MycoBank MB805866; Fig. 3d Etymology. The name refers to the colour of the basidiomata.
Type. Finland, Uusimaa, Espoo, Nuuksio, the open-air territory of Pirttimäki, between the main road and the lake, opposite the parking area, fairly rich grass-herb forest with Populus tremula, Betula, Alnus incana, Quercus, Corylus, Prunus padus, Salix spp., and some old pines and young spruce, 2 Sept. 1993, I. Kytövuori 93-641, H6032734 (holotype H; isotype NY). GenBank KF732530.
Pileus 5-8 cm broad, convex, soon plano-convex, sometimes with a broad umbo, very finely fibrillose, centre ochraceous, whitish towards margin. Lamellae emarginate, medium spaced, at first very pale brownish grey, later pale brown. Stipe 6-10 cm long, 0.8-1.3 cm thick at apex, 1.5-2 cm at base, clavate, at first white, becoming pale brownish yellow with age. Universal veil white, on pileus margin thin, forming thin belts on the stipe. Context white. Odour pleasant. Exsiccata: pileus warm yellowish brownish at centre, pale leather-coloured to almost whitish at margin, stipe concolorous with the pileus margin.
In MLZ: Spores 12.5-13.4 -14.3 × 7.5-7.9 -8.2 µm, Q = 1.57-1. 69-1.84 (1 specimen, 60 spores, Fig. 3d ), amygdaloid, strongly verrucose, most strongly so at the apex, very much like those in C. riederi group or C. violaceus, moderately dextrinoid. Ba sidia 39-48 × 9-12 µm (20 basidia), light sand brown, with large to small blood black granules. Lamellar trama hyphae with blood black substance and/or same-coloured granules, dark chips almost lacking. Stipe apex hyphae yellow, with colourless guttules, coloured granules lacking, but outermost hyphae sand brown to somewhat redder, with few to abundant blood red, small granules. Velum/Cortina hyphae sand brown to somewhat redder, with few to abundant blood red, small granules. Pileipel lis: epicutis somewhat gelatinous, hyphae 3-10 µm wide, near the surface ochraceous brown, finely, densely incrusted, mostly not granulose, lower down strongly granulose with small to large blackish brown granules in mounds and long, sausage-shaped clusters and concretions. Hypoderm well developed, red brown, hyphae mostly granulose in the upper part.
Ecology & Distribution -With deciduous trees, possible hosts Populus, Corylus or Quercus. Known from South Finland. No sequences of this species exist in public databases.
Notes -Based on our molecular studies C. ochribubalinus does not have any known, close relatives. It holds an isolated position in the phylogenetic tree and differs in ITS regions by more than 20 substitutions and indel positions from the closest species C. patrickensis (M.M. Moser) Niskanen, Liimat., Kytöv., Bojantchev & Ammirati. Morphologically, it is reminiscent of species in /Arguti. The spores are large and similar to those of C. fraudulosus and C. subfraudulosus, but more strongly verrucose. The smell of the lamellae is also different, pleasant in C. ochrobubalinus and often earthy-raphanoid in C. fraudulosus and C. subfraudulosus. In addition, the universal veil is sparse where as C. fraudulosus and C. subfraudulosus have more abundant sometimes even floccose universal veil remnants on stipe. Notes -Cortinarius patrickensis is a typical member of /Arguti, it has a whitish to pale brown basidiomata and large spores, and the placement is also supported by molecular data. It was first described as a variety of C. fraudulosus but based on our genetic and morphological data it should be treated as a species. In our phylogenetic analysis C. patrickensis grouped together with C. rosargutus Chevassut & Rob. Henry (0.86 PP) . Also with the pairwise comparison the closest species is C. rosargutus from which it differs by 5 substitutions and indel positions in ITS regions. Both taxa, C. patrickensis and C. rosargutus, include several identical or almost identical sequences and have a clear barcoding gap (no overlap between intra-and interspecific variation). A description of the species is provided in Moser & Ammirati (2000) . Typical for the species are amygdaloid, large spores 12.2 -13.3 -14.7 × 7.0 -7.7-8.4 µm, Q = 1.62 -1.73 -1.84, and green apple-like to strong green corn-like odour. The spores are narrower than those of C. ros argutus (Qav. = 1.60). Cortinarius patrickensis grows in coniferous forests, often on calcareous soil. It was previously only known from California, USA but is here reported for the first time from Europe in Sweden. Species might be occasional in suitable habitats, at least in Europe and North America, but has most likely been misidentified as either C. fraudulosus or C. rosargutus. Kytöv., Liimat. & Niskanen, sp. nov. -MycoBank MB805867; Fig. 3e Etymology. The name refers to the affinity of C. fraudulosus.
/ARgUTI
Cortinarius subfraudulosus
Type. Norway, Oppland, Lunner, Skøyenåsen, Picea abies forest with Corylus on calcareous soil, 3 Sept. 2011, I. Kytövuori 11-006 (holotype H; isotype NY). GenBank KF732564.
Illustrations - Brandrud et al. (1990: pl. A07 as C. argutus subsp. fraudulosus), Abarenkov et al. (2010: photo under the accession no. UDB011261).
Pileus 4 -10 cm broad, hemispherical to convex, then planoconvex, finely fibrillose, white to ochraceous white when young, with age becoming pale brownish. Lamellae emarginate, medium spaced to almost distant, first white to very pale brownish grey, later pale brown. Stipe 5 -10 cm long, 1-2 cm thick at apex, 1.5-3 cm wide at base, clavate to slightly bulbous, sometimes slightly rooting, whitish, becoming brownish with handling and with age. Universal veil white, forming distinct girdles on stipe, sometimes floccose. Context white, but becomes very slowly black when bruised. Odour weak, a combination of earthy and raphanoid. Exsiccata: pileus dirty greyish to yellow brown at the centre, whitish to yellowish brown towards the margin, stipe greyish white to pale brown.
In MLZ: Spores 12.0-13.6-15.0 × 7.0-7.8-8.4 µm, av. = 12.5-14.4 × 7.6-8.2 µm, Q = 1.57-1.72 -1.88, Qav. = 1.64-1.75 (4 specimens, 100 spores, Fig. 3e ), amygdaloid (to weakly citriform), with a narrow apex, moderately to fairly strongly verrucose, warts anastomosing, not high, moderately dextrinoid. Basidia 38-55 × 10-12 µm (2 specimens, 60 basidia), almost colourless to pale sand brownish, clear or with few small, brown granules. Lamellar trama hyphae full of dark granules or chips or blood black particles. Stipe apex hyphae yellow to reddish brown, outermost ones with abundant large red brown to blood blackish granule masses or opaque particles. Velum/ Cortina hyphae with abundant large red brown to blood blackish granule masses or opaque particles. Pileipellis: epicutis fairly weakly gelatinous, hyphae at the surface 3-10 µm wide, finely incrusted, ochraceous brownish, mostly not granulose, lower down somewhat granulose or not. In the transition between epicutis and hypoderm up to 15 µm wide, dark red brown, strongly incrusted hyphae with large, blackish granula mounds, intracellular concretions and/or red brown, 3-15 µm wide extracellular pigment mounds on the hyphae, with few evenly distributed small granules. Hypoderm well developed, red brownish to very dark red brown, somewhat granulose or not.
Ecology Notes -The species has earlier been called C. fraudulosus in northern Europe. Cortinarius fraudulosus, however, has been described by Britzelmayr (1885) from Siebentischwald, Bavaria, Germany. In our phylogenetic tree the northern material and the more southern European material formed two separate, well-supported clades which differ from one another by 9 substitutions and indel positions in their ITS regions. The sequences of C. subfraudulosus have one base polymorphisms and the maximum pairwise distance is zero. Therefore, we here describe the northern species as new. Kytöv., Liimat. & Niskanen, sp. nov. -MycoBank MB805868; Fig. 2d, 4a Etymology. The name refers to the colour of the pileus. Pileus 4-8 cm broad, hemispherical to convex, soon expanded, pale ochraceous to pale brown. Lamellae emarginate, crowded, pale grey to pale greyish brown. Stipe 4-6 cm long, 1-1.5 cm thick at apex, 2-2.5 cm wide at base, with a marginate bulb, white. Universal veil whitish to pale brown at bulb margin.
/CALOCHROI & FULvI
Cortinarius flavipallens
Context white. Odour indistinct. KOH reactions on pileus and bulb margin red, on basal tomentum and rhizomorphs slowly and/or weakly vinaceous pink. Exsiccata: pileus pale ochre to ochre brown, darkest at the centre, paler towards the margin, stipe greyish white to pale brown.
In MLZ: Spores 9.5 -10.7-11.6 × 5.4 -6.0-6.3 µm, av. = 10.3-11.0 × 5.9 -6.1, Q = 1.65 -1.77-1.85, Qav. = 1.73 -1.80 (3 specimens, 120 spores, Fig. 4a ), amygdaloid-fusoid to weakly citriform, with a shallow suprahilar depression and mostly a somewhat blunt apex, moderately verrucose, warts anastomosing or not, slightly to moderately dextrinoid. Basidia 26-38 × 8-10 µm (60 basidia), 4-spored, clavate, very pale yellowish, clear, few slightly granulose-guttulate. Lamellar trama hyphae pale yellowish, smooth, sometimes guttulate, some colourless crystals solitary or in roundish masses, not in branch-like fascicles. Pileipellis: epicutis strongly gelatinous, hyphae on the surface 3 -5 µm wide, very pale ochre, smooth to very finely, densely, spirally incrusted, walls distinctly visible, also some hyphae with yellow, foamy contents. Lower down equally wide to slightly wider, strongly incrusted hyphae, often in bundles. Hypoderm absent. In KOH the gelatinized hyphae pale vinaceous pink.
Ecology & Distribution -In boreal Picea abies dominated forests on calcareous soil. So far only known from Finland but might be widely distributed, since an ITS sequence (FJ039640) from a specimen collected in British Columbia in western Canada differed only by 4 substitutions and indel positions from Finnish material and might be conspecific. Notes -Cortinarius flavipallens with its pale ochraceous colours is in appearance between C. metarius Kauffman (= C. bar barorum Bidaud, Moënne-Locc. & Reumaux) and C. caesio cinctus Kühner, without the bright yellow pileus of the former or the bluish grey one of the latter. In addition, the KOH reaction in the mycelium is slower and weaker than in the former two species. Cortinarius piceae Frøslev, T.S. Jeppesen & Brandrud and C. corrosus Fr. differ from C. flavipallens by their negative KOH reaction in the basal mycelium. The ITS sequences of C. flavipallens were identical and it formed a well-supported clade in our phylogenetic analysis. However, the relationships with other species of /Calochroi p.p. were not resolved. Notes -ITS sequence analysis shows C. luteicolor as a well-delimited species within clade /Laeticolores. Morphologically, it is not similar to any of the species we have studied. Initially, the species was described as a form of C. orichalceus var. olympianus (= C. pseudocupreorufus (A.H. Sm.) Niskanen, Liimat. & Ammirati) . In the ITS regions it, however, differs from C. pseudocupreorufus by more than 25 substitutions and indel positions. Furthermore, Smith (1944) noticed several differences among these taxa: "This form (= C. luteicolor) differs from the typical form (= C. pseudocupreorufus) in lacking the faint lilac tint in the apex of stipe, in the pileus not becoming dark vinaceous red but instead merely dull cinnamon brown when fresh, and in the brighter yellow lamellae. The pilei of the herbarium specimens are also paler, but the bulb is deep purplish as in typical material of the variety (= C. pseudocupreorufus)". Based on morphology and molecular data we conclude that C. luteicolor should be treated as a species. Description of the species is presented in Smith (1944) . Typical for the species are at first rich dull yellow or yellow tinged pileus gradually becoming dull cinnamon, pale yellow gills, and subalmondshaped spores (9-11.5 × 6-7 µm). Cortinarius luteicolor grows in coniferous forests (Pseudotsuga, Tsuga) and is currently known from Pacific northwest of North America, from California and Washington, USA, and British Columbia, Canada. Notes -In our phylogenetic analysis C. pseudocupreoru fus is placed as a sister species of C. cupreorufus Brandrud from which it differs by 10 substitutions and indel positions in ITS regions. The spores of C. pseudocupreorufus are 9-11 × 5 -6.5 µm and somewhat amygdaloid, while the spores of C. cupreorufus are broader, 10 -11.5 × 6.5 -7.5 µm, and amygdaloid-citriform. Based on morphology and molecular data we conclude that C. pseudocupreorufus should be treated as a species. Description of the species is presented in Smith (1944) . The species is so far only known from the type locality.
/CyANITES
Cortinarius boreicyanites Kytöv., Liimat., Niskanen & A.F.S.
Taylor, sp. nov. -MycoBank MB805870; Fig. 4b Etymology. The name refers to the affinity with C. cyanites and distribution in boreal zone.
Holotype. Sweden, Jämtland, Ragunda sn, Ragunda, Böle, at the riverside, in birch forest on rich soil (Betula, Picea), 24 July 1990, Brandrud et al. CFP931 (S). GenBank KF732296.
Pileus 4 -10 cm broad, hemispherical to convex, then expanded, distinctly innately fibrillose, bluish grey when young, later pale greyish brown. Lamellae emarginate, almost crowded, greyish blue when young, later brownish violet. Stipe 5-10 cm long, 1-2 cm thick at apex, 2.5 -4 cm wide at base, clavate to bulbose, greyish blue. Universal veil pale greyish brown, abundant, forming girdles on stipe. Context violet when young, later in pileus and bulb white to brownish white, marbled hygrophanous, turning vinaceous red on exposure. Odour indistinct. Exsiccata: pileus reddish brown at the centre, greyish brown at the margin, stipe pale bluish greyish, brown at the base.
In MLZ: Spores 9.1-9.8-10.4 × 5.4-5.8-6.3 µm, av. = 9.7-9.9 × 5.6-5.9 µm, Q = 1.58-1.69-1.80, Qav. = 1.66-1.73 (3 specimens, 120 spores, Fig. 4b ), amygdaloid, with a blunt apex, fairly finely to moderately verrucose, many with few small golden yellow guttules, slightly dextrinoid. Basidia 36 -45 × 7-9 µm (60 basidia), 4-spored, narrowly clavate, with a long, narrow pedicel, with blood red guttules, commonly with yellow foamy contents. Lamellar trama hyphae 4 -10 µm wide, colourless to yellowish brown, smooth, with abundant small to large wormlike blood red guttules. Stipe apex hyphae 3 -8 µm wide, pale yellowish, smooth, with small to large blood red guttules, the outermost ones c. 3 µm wide, ochraceous brown, mostly not guttulate. Pileipellis: epicutis very weakly gelatinous, uppermost hyphae 4-8(-13) µm wide, ochraceous brown, very thinly spotlike incrusted, not or weakly guttulate with small, golden yellow guttules, lower hyphae up to 10 µm wide, brown, smooth, with abundant small to large worm-like, blood red guttules. Hypoderm not developed.
Ecology & Distribution -In boreal mixed forests of Picea, Betula and Populus in northern Europe. In Scotland also collected with Helianthemum. Fruiting in autumn. Notes -ITS sequence analysis shows C. boreicyanites as a well-delimited species within clade /Cyanites (Fig. 1) . The ITS sequences of the species are identical and differ by more than 30 substitutions and indel positions from those of C. cyanites Fr. and C. violaceorubens Moënne-Locc. & Reumaux. Typical for C. boreicyanites are a pale greyish brown pileus, exsiccata with reddish brown pileus at the centre, greyish brown at the margin, and spores on average 9.7-9.9 × 5.6-5.9 µm. The species is so far only known from the middle boreal zone of Sweden, Finland and Scotland. Cortinarius cyanites has a more southern distribution extending from the hemiboreal zone of Finland and Sweden to France. In addition, the pileus is more bluish. Cortinarius violaceorubens has a more brownish pileus, dark dirty violaceous brown exsiccata, and larger spores (av. 9.9-11.0 × 6.3-6.6 µm). It grows in Picea dominated forests, often on rich soil.
/DIONySAE s.l.
Cortinarius boreidionysae Kytöv., Liimat., Niskanen & Dima, Fig. 2e, 4c Etymology. The name refers to the affinity with C. dionysae and the northern distribution.
Type. Finland, Perä-Pohjanmaa, Tervola, Peura, Raemäki, grass-herbspruce forest with spring-fed depressions, calcareous soil, 11 Sept. 1997, I. Kytövuori 97-1220 (holotype H; isotype NY). GenBank KF732488.
Pileus 5-10 cm broad, hemispherical to convex, then expanded, glutinous, innately fibrillose, mustard brown to cocoa brown with a somewhat silky shining centre and olive yellowish tint on the margin when young. Lamellae emarginate, crowded, violaceous when young, later violet grey to pale brownish grey. Stipe 3-9 cm long, 1-1.8 cm thick at apex, 2-2.5 cm wide at base, with a marginate bulb, when young pale violaceous, becoming yellowish. Universal veil yellow at bulb margin. Con text in pileus white, in stipe violaceous, in bulb at first whitish, later brownish yellowish. Odour faintly farinaceous. Exsiccata: pileus uniformly orange brown, sometimes with a faint greyish tint, stipe somewhat paler.
In MLZ: Spores 8.4-9.3-10.2 × 5.2-5.8-6.1 µm, av. = 8.9-9.5 × 5.3-5.8 µm, Q = 1.54-1.67-1.80, Qav. = 1.63-1.67 (5 specimens, 160 spores, Fig. 4c ), strongly citriform, strongly beaked, moderately, sharply verrucose, often with small coloured guttules, faintly to moderately dextrinoid. Basidia 23-32 × 7-9 µm (60 basidia), 4-spored, clavate, some with brownish yellow, foamy contents. Lamellar trama hyphae yellow, granuloseguttulate, blood red guttules absent. Stipe apex hyphae yellowish to yellow, smooth, with golden yellow small drops and large, blood red, worm-like guttules abundant in the outermost hyphae. Pileipellis: epicutis strongly gelatinous, uppermost hyphae 3-11 µm wide, mostly densely, spirally incrusted with small to large blood red guttules, lower down with a thick layer of somewhat wider hyphae filled with small to large or very large, worm-like, foamy, blood red guttules. Hypoderm well developed, yellow to red brownish.
Ecology & Distribution -In northern boreal Picea abies dominated forests on calcareous soil, rare. Fruiting in autumn.
Other specimens examined. Finland, Oulun Pohjanmaa, Kiiminki, Juuvansydänmaa, S part of Iso Juuvankangas, W of the lake Iso Juuvanjärvi, grass-herb-spruce forest with some Betula, Populus tremula and Pinus, on calcareous soil, 17 Aug. Notes -Cortinarius boreidionysae reminds one of C. oli vaceodionysae A. Ortega, Vila & Fdez.-Brime, but the latter has paler, olive brown to yellowish brown pileus, somewhat larger, less distinctly and less regularly citriform spores, and a more southern distribution (up to the hemiboreal zone). The ITS sequences of C. boreidionysae are identical and it formed a well-supported clade in our phylogenetic analysis. It belongs to /Dionysae but further relationships were not solved. Based on ITS sequence comparison the closest species is C. olivaceodionysae from which it differs in ITS regions by 9 substitutions and indel positions, although two of them include intragenomic base polymorphisms.
Cortinarius olivaceodionysae has been called C. dionysae Rob. Henry in northern Europe. Cortinarius dionysae, however, has been described from France (Henry 1933 ) as a species with a distinctly farinaceous smell and collected under Fagus -both characters in contradiction with our material of C. olivaceodionysae. To confirm the identity of C. dionysae we tried to sequence the type material but unfortunately we did not succeed. In our phylogenetic analysis all the taxa with a strong farinaceous smell, C. dionysae sensu Pileus 3 -7.5 cm broad, hemispherical to convex, then expanded, unevenly wavy, olivaceous yellowish brown at centre, olivaceous to ochraceous yellow towards margin. Lamellae emarginate, almost crowded, pale grey when young, later pale greyish brown. Stipe 3-5 cm long, 0.5-1.4 cm thick at apex, 1.5-2.5 cm wide at base, with a marginate bulb, when young whitish, becoming slightly yellow with age. Universal veil ochraceous yellow at bulb margin. Context whitish. Odour indistinct. Exsiccata: pileus orange brown to dirty red brown at the centre, yellowish brown at the margin, stipe concolorous with the centre.
In MLZ: Spores 9.5 -10.4 -11.6 × 5.7-6.1-6.6 µm, av. = 10.3-10.5 × 6.0 -6.2 µm, Q= 1.59 -1.71-1.85, Qav. = 1.69 -1.73 (5 specimens, 160 spores, Fig. 4d ), often strongly citriform, beaked, moderately, sharply verrucose, fairly faintly to moderately dextrinoid. Basidia 23 -34 × 7.5 -9.5 µm (50 basidia), 4-spored, clavate, some with yellow foamy contents. Lamellar trama hyphae yellowish, many with greenish yellowish, oily guttules. Blood red guttules absent. Stipe apex hyphae pale yellowish to greyish brownish to reddish brownish, smooth to finely or more strongly incrusted, somewhat granulose-guttulate, large blood red and smaller golden yellow guttules present in the outermost hyphae. Pileipellis: epicutis distinctly gelatinous, uppermost hyphae 4-10 µm wide, thin-walled, finely densely, spirally incrusted, mostly not guttulate, below these a thick layer of smooth to somewhat incrusted hyphae with abundant very long sausage-like guttules with blood red foamy contents. Hypoderm present, yellow brownish.
Ecology & Distribution -Very rare in temperate to hemiboreal grass-herb forests with deciduous trees, mostly Corylus and Quercus, on calcareous soil. In addition, it occurs in halfopen deciduous vegetation in wooded pastures and parks. In Northwest Europe it is known in Denmark, Norway, Sweden and Estonia. Fruits in autumn. Notes -Cortinarius cruentipellis is a rather small, olivaceous tinted Phlegmacium of deciduous forests with citriform spores and strongly blood red pileipellis in MLZ. Of the other deciduous forest species with red MLZ reaction in pileus cuticle, C. gracilior (M.M. Moser) M.M. Moser is small and yellowish and has exsiccata with pale stramineous pileus and whitish stipe, C. leonicolor Reumaux (= C. anserinus (Velen.) Rob. Henry s.auct.) has much larger spores, and C. subdecolorans Langl. & Reumaux (= C. multiformium Cons. & Moënne-Locc.) pileipellis hyphae filled by mostly small guttules. Based on the ITS sequence analysis C. cruentipellis is a well-supported species (1.00 PP) belonging to the clade /Dionysae (0.82 PP). It has no close known relatives, and in the ITS regions it differs by more than 30 substitutions and indel positions from the closest species. Jeppesen et al. (2012) used the name C. luteoimmarginatus Rob. Henry for this species. In the original description of C. luteoimmarginatus (Henry 1939 , as C. multiformis var. luteo immarginatus) the species is mentioned to have a clavate stipe, like the one of C. cliduchus, and this is also illustrated by Henry in Bidaud et al. (2012) whereas our species has a marginate bulb (Jeppesen et al. 2012 ). In addition, the spores are 11-11.5 × 5.5-6.5 µm, generally longer than those of our species and not overlapping with the average size of the spores (10.4 × 6.1 µm) or with the measurements of Jeppesen et al. (2012) (10-11 × 5.5-6.5 µm). In the original description no type has been designated but later Henry (1985) suggested a type (no. 1006) and a heterotype (no. 1014) for the species. The type of C. luteoimmarginatus, however, was not located in Paris (PC). A collection numbered as 1014 was found, but it was labelled as C. privignofulvus and represented a species of subg. Telamonia. Since the original description of C. luteoimmarginatus does not fit to our species we here describe it as new.
/gLAUCOpODES
Cortinarius subrubrovelatus (Bidaud) Notes -ITS sequence analysis shows C. subrubrovelatus as a well-defined species (1.00 PP) in /Glaucopodes. Typical for C. subrubrovelatus is pale brown to red brown pileus, bluish lamellae, and small, relatively broad spores (7.0 -7.9 -8.8 × 4.5-5.0-5.4 µm, av. = 7.7-8.0 × 4.8-5.2 µm, Q = 1.44-1.56-1.70, Qav. = 1.52-1.61 (3 specimens, 180 spores)). From its closest relatives C. subfoetens and C. glaucopus it differs by 2 and 4 substitutions and/or indel positions. Cortinarius sub foetens has larger, more fusoid and narrower, and less dextrinoid (8.2 -8.9-9.7 × 5.0 -5.3 -5.4 µm, Q = 1.58 -1.69 -1.82) spores, and the spores of C. glaucopus are relatively narrower as seen in the Q-values (7.3 -8.1-9.1 × 4.5 -5.0 -5.4 µm, Q = 1.54 -1.64 -1.82). The latter also has somewhat more reddish brown colours deep in the pileipellis and less incrusted upper hyphae than those of C. subrubrovelatus. The differences in the ITS region between the three species are not large but since all three groups are represented by several collections and also have morphological differences we conclude that C. subrubrovelatus should be treated as a species. Cortinarius subrubrovelatus grows in coniferous forests on calcareous soil and is known from Central Europe and hemiboreal zone of northern Europe. Pileus 4-7 cm broad, convex, then plano-convex, with a low and broad umbo, viscid to glutinous, not fibrillose, yellow to brownish yellow. Lamellae emarginate, almost crowded, greyish white, later very pale greyish brown. Stipe 5-10 cm long, 1-1.5 cm thick at apex, 1.5-2 cm wide at base, almost cylindrical with clavate to subbulbous base, white. Universal veil yellow, forming girdles on stipe. Context white. Odour not recorded. Exsiccata: pileus yellow brownish, stipe whitish.
/ELASTICI & pERCOMES
Cortinarius luteiaureus
In MLZ: Spores 9.7-10.6-11.6 × 5.7-6.1-6.6 µm, Q = 1.62-1. 74-1.92 (1 specimen, 60 spores, Fig. 4e ), narrowly amygdaloid, with rounded apex, moderate to fairly strongly verrucose, moderately dextrinoid, often with dark red brown angular granules in the spore. Basidia 32 -44 × 8 -10 µm (20 basidia), 4-spored, clavate, sand brown, with fairly small granules and chips. Lamellar trama hyphae with moderate to very large sand brown to red brown granules. Stipe apex hyphae sand brown, densely granulose, outermost ones more orange or reddish, not granulose. Pileipellis: epicutis strongly gelatinous, uppermost hyphae 2 -4 µm wide, ochraceous yellow to ochraceous brown, mostly not granulose, lower down 4 -10 µm wide, full of small to very large dark red brown granules. Hypoderm absent.
Ecology & Distribution -In coniferous forest (Picea) on calcareous soil. Known from northern Finland, Oulun Pohjanmaa. No sequences of this species exist in public databases.
Notes -Cortinarius luteiaureus resembles somewhat a species which we assume could be called C. rhizophorus Bidaud & Cons. but we have not studied the type material of the species yet. Cortinarius cf. rhizophorus is larger, somewhat paler, has larger spores (10.2-11.3-12.5 × 6.1-6.5-7.0 µm) and occurs in temperate to hemiboreal broad-leaved and coniferous forests. Cortinarius varius (Schaeff.: Fr.) Fr. is also somewhat similar but has blue lamellae, stout, clavate stipe, wider spores, and hypoderm in the pileipellis. Cortinarius luteiaureus differs in ITS regions by more than 30 substitutions and indel positions from the closest species found with the BLAST. Based on our phylogenetic analysis it belongs to the large /Elastici & Percomes clade. Notes -Cortinarius infractiflavus formed a well-supported clade (1.00 PP) in our phylogenetic analysis. It belongs to sect. Infracti and differs from the sister species C. infractus by 9 substitutions and indel positions in ITS regions. Morphologically, it can be distinguished from C. infractus by the yellowish colours of the pileus, paler gills, a nearly mild taste and larger spores (7.5-8.2-9.1 × 6.3-6.7-7.0 µm, Q = 1.16-1.23 -1.30; C. in fractus 7.3-8.0-8.8 × 5.7-6.1-6.6 µm, Q= 1.23-1.30 -1.38) . Cortinarius infractiflavus grows in boreal and mountainous conifer forests (Picea, Abies) and is widespread occurring from Wyoming, western USA to Finland and Bulgaria. Full description of the species can be found from Moser & Ammirati (1999) .
/INFRACTI
/MULTIFORMES
Cortinarius caesiolamellatus (Bidaud) Illustrations - Bidaud et al. (2006: pl. 581, 587) .
Pileus 4-8 cm broad, hemispherical to plano-convex, sometimes radially rugulose towards the margin, viscid, red brown to ochraceous brown, rarely bluish brown, becoming paler ochra-ceous brown with age, often bi-coloured, outer part hygrophanous and darker (grey) brown. Lamellae emarginate, almost crowded, pale grey with a bluish tint when young, later pale brown. Stipe 4-8 cm long, 0.7-1.7 cm thick at apex, cylindrical, slender, 1.5-2.5 cm wide at base, mostly bulbous but the bulb often fairly small, fibrillose (not glossy like C. multi formis), whitish but often with a bluish tint at apex when very young, often becoming pale brown with age. Universal veil white, sparse, sometimes viscid (at bulb margin). Context in the pileus fairly thin, whitish, brownish below the pileus cuticle, in the stipe with a bluish tint or not when young. Odour faint to distinct of honey in the context of the stipe base. Exsiccata: pileus greyish to reddish brown, stipe very pale.
In MLZ: Spores 8.2-9.3-10.7 × 5.0-5.6-6.3 µm, av. = 8.5-9.9 × 5.2-5.9 µm, Q = 1.51-1.65-1.85, Qav. = 1.57-1.74 (7 specimens, 240 spores), ovoid-amygdaloid to narrowly ovoid-ellipsoid, with a fairly long, blunt, tapering apex, moderately to strongly verrucose, warts wide, anastomosing, slightly to fairly strongly dextrinoid. Basidia 25-34 × 7.5-9 µm (100 basidia), 4-spored, clavate, mostly with fairly wide base. Many basidia and subhymenium with yellowish, granulose/guttulate contents. Pilei pellis: epicutis with a fairly thick, gelatinous layer with some 2-3 µm wide, erect-entangled, smooth, obscure, colourless hyphae. Hypoderm present, fairly thin-walled, with pale brownish parietal pigment, some small brown spots present, large yellow to yellow brown spots absent, few spirally incrusted hyphae present deep in the pileipellis.
Ecology & Distribution -In montane to middle boreal, mesic coniferous forests, often on rich soil. In Europe apparently mainly/ only under Picea, but in USA also found under Pinus. Known from Central and northern Europe, and Washington, USA, and considered occasional. The fruiting period is very long, once collected in June (France) and once in November (USA).
Notes -Cortinarius caesiolamellatus and C. caesiophyl loides are easily distinguished from the related species in /Multiformes by their initially bluish tinged lamellae and often also stipe apex. Based on material seen so far and available descriptions, these two blue-gilled species are hardly distinguishable macromorphologically, but C. caesiolamellatus differs in slightly larger and more strongly verrucose spores. Furthermore, there seems to be a geographical differentiation in Europe; C. caesiolamel latus apparently being mainly a Central European species, whereas C. caesiophylloides is hitherto found only in northern Europe. If bluish tints have gone, C. caesiolamellatus can also be confused with conifer associated C. rufoallutus Rob. Henry ex Bidaud & Reumaux, C. multiformis Fr. and C. talimultiformis Kytöv., Liimat., Niskanen, A.F.S Taylor & Sesli. The latter two, however, have less strongly ornamented spores and lack the yellow to yellow brown large spots deep in the pileipellis. Cor tinarius rufoallutus differs from C. caesiolamellatus by stouter appearance, small amygdaloid-fusoid, finely verrucose spores and abundant strongly spirally incrusted red brown hyphae deep in the pileipellis.
In our phylogenetic analysis C. caesiolamellatus forms a wellsupported group (1.00 PP) and belongs together with C. cae siophylloides and C. pallidirimosus in a strongly supported (1.00 PP) subclade in clade /Multiformes (1.00 PP). The species was originally described twice in Bidaud et al. (2006) , as a variety of both C. rufoallutus (var. caesiolamellatus) and C. multiformis (var. caesiophyllus) . Based on the molecular and morphological data neither of those relationships is supported. Cortinarius caesiolamellatus clearly represents a distinct species and is here combined at species level.
Cortinarius caesiophylloides Kytöv., Liimat., Niskanen, Brandrud & Frøslev, Fig. 2g, 5a Etymology. The name refers to the bluish tints in lamellae and affinity with C. caesiolamellatus (= Cortinarius multiformis var. caesiophyllus). Pileus 4-8 cm broad, hemispherical to plano-convex, viscid, apricot to redbrown-coloured, with hygrophanous streaks or outer zone, hygrophanous areas somewhat darker umber to less vivid (grey) brown, becoming paler ochraceous brown to ochraceous yellow with age, sometimes almost whitish ochre at centre. Lamellae emarginate, almost crowded, pale grey with a bluish tint when young, later pale brown. Stipe 5-11 cm long, 1-1.5 cm thick at apex, 1.5-3.5 cm wide at base, with a more or less distinct marginate bulb, whitish but usually with a bluish tint at apex when very young, often becoming pale brown with age, but not as pronounced as with C. multiformis. Universal veil white, sparse to hardly visible, at bulb margin. Context white, slightly bluish at the apex of the stipe when young. Odour faint to distinct of honey in the context of the stipe base. Exsiccata: pileus pale dirty brown, stipe somewhat lighter.
In MLZ: Spores 8.6-9.7-10.9 × 5.2-5.8-6.3 µm, av. = 9.0-10.2 × 5.5-6.0 µm, Q = 1.54-1.68-1.85, Qav. = 1.63-1.73 (4 specimens, 240 spores, Fig. 5a ), amygdaloid, with fairly narrow apex, sometimes almost ellipsoid, finely to moderately verrucose, warts often rounded-confluent, slightly to fairly strongly dextrinoid; with a bit narrower apex, thinner wall and finer verrucosity than in C. multiformis. Basidia 24-37 × 7-9 µm (60 basidia), 4-spored, clavate, almost colourless. Lamellar trama hyphae very pale yellowish, smooth, concolorous guttulate. Stipe apex hyphae very pale yellow, smooth, somewhat concolorous guttulate. Pileipellis: epicutis with a clear gelatinous layer with sparse, erectentangled, 2-3 µm wide, smooth, colourless and very obscurely seen hyphae. Hypoderm present, hyphae fairly thin-walled, with pale yellowish brown amber-like parietal pigment, small brown encrust-spots present, large yellow brown spots absent, a few spirally incrusted (zebra-striped) hyphae seen deep in the cuticle.
Ecology & Distribution -In mesic coniferous forests, presumably with Picea, mainly in richer low-herb types, sometimes on calcareous soil. Known only from Fennoscandia and considered occasional. Fruits from August to September. Notes -Cortinarius caesiophylloides is a typical member of sect. Multiformes. Together with C. caesiolamellatus they are the only known species of the section with bluish tinted lamellae when young. Cortinarius caesiolamellatus differs from C. caesiophylloides by more strongly ornamented spores. When bluish tints are absent they can be confused with C. multi formis and C. talimultiformis, but in the latter two there are abundant, yellow to yellow-brown, large spots deep in the pileipellis. Those are practically lacking from C. caesiophylloides and C. caesiolamellatus. In C. multiformis the honey smell is either lacking or is very weak, and the stipe becomes strong brass brown with age.
Cortinarius caesiophylloides is strongly supported (1.00 PP) in our phylogenetic analysis. It belongs to /Multiformes (1.00 PP) and further, in a well-supported (1.00 PP) subclade with C. caesiolamellatus and C. pallidirimosus. The ITS sequences of C. caesiophylloides have one base polymorphism and the maximum pairwise distance is zero. The difference to C. palli dirimosus is 11 substitutions and indel positions.
Cortinarius melleicarneus Kytöv., Liimat., Niskanen & Brandrud, Fig. 5b, 6a Etymology. The name refers to the colour of the pileus. Pileus 4 -10 cm broad, hemispherical to convex, with rather persistently incurved margin, then expanded, sometimes somewhat silvery-silky from fine veil remnants, cream-coloured, pale yellow brown, honey brown to more grey brown, with hygrophanous streaks or patches/zones near margin; hygrophanous zones somewhat darker grey brown, almost with an olivaceous brown tinge. Lamellae emarginate, crowded, first pale greyish white, later pale greyish brown. Stipe 5 -7(-9) cm long, 1.2-2 cm thick at apex, 2 -3 cm wide at base, clavate or with a somewhat marginate bulb, short and robust, white. Universal veil very sparse at bulb margin, white. Context in pileus pale yellow brown, marbled hygrophanous flesh-coloured, in stipe white. Odour not recorded.
In MLZ: Spores 7. 9 -8.7-9.5 × 4.3 -4.7-5.2 µm, av. = 8.6-8.9 × 4.7-4.8 µm, Q = 1.67-1.86 -2.00, Qav. = 1.85 -1.89 (2 specimens, 120 spores, Fig. 5b ), amygdaloid to fusoid, with a low suprahilar depression and blunt apex, moderately to fairly strongly, densely and coarsely, somewhat unevenly, not sharply verrucose, slightly to moderately dextrinoid. Basidia 25-31 × 7-8 µm (40 basidia), 4-spored, clavate, many granulose-guttulate. Lamellar trama hyphae pale yellow, smooth. Stipe apex hyphae very pale yellowish, smooth, coloured guttules absent. Pileipellis: epicutis gelatinous, with 3 -8 µm wide, thin-walled, smooth to very finely incrusted, colourless and very obscure hyphae. Hypoderm present, with pale yellowish brown walls, few incrusted hyphae and small brown spots deep in the pileipellis.
Ecology & Distribution -With thermophilous deciduous trees (Corylus, Quercus) on calcareous soil, including nearshore sandy shell-beds. Known from Estonia and Norway.
Other specimens examined. Norway, Aust-Agder, Grimstad, Fevik, under Quercus, Fagus and (planted) Larix also present, on sandy soil, rather rich, probably with shell-bed deposits, 21 Sept. 1994, leg. IL. Fonneland, det. T.E. Brandrud 86-94, O 125960 (O, sub nom. C. arenisilvae) .
Notes -Cortinarius melleicarneus belongs to /Multiformes. It differs from the other species of the group by honey-coloured pileus, fusoid spores, and habitat with deciduous trees on calcareous soil. No honey-smell was noted in the two collections, and the lack of this smell might be a diagnostic character towards the usually strongly honey-smelling C. talus. Corti narius talus has furthermore usually an innately fibrillose pileus structure and rarely possess short-stemmed, compact carpophores. Cortinarius cruentipellis grows in similar habitats, but it has ochraceous yellow universal veil on bulb margin, larger spores, and red-colouring pileipellis in MLZ. In dry conditions, C. melleicarneus might resemble C. arenisilvae (Brandrud) Brandrud which also occurs in sandy soils, and the Norwegian collection was originally determined as C. arenisilvae (based on dry material and collectors notes). ITS sequences of the two C. melleicarneus specimens are identical and it forms a clade in our analysis. It differs by 11 substitutions and indel positions from C. talimultiformis, 14 from C. talus, 15 from C. multiformis, and 17 from C. rufoallutus Rob. Henry ex Bidaud & Reumaux. Kytöv., Liimat. & Niskanen, Fig. 5c, 6b Etymology. The name refers to the pale pileus with streaks.
Cortinarius pallidirimosus
Type. Finland, Inarin Lappi, Utsjoki, Kevo, Tsieskuljohka, mesic heath forest with Betula and Pinus, with some moist depressions, 17 Aug. 1995, I. Kytövuori 95-585, H6035694 (holotype H; isotype NY). GenBank KF732578.
Pileus 3-9 cm broad, hemispherical to convex, then expanded, viscid, very finely innately fibrillose, whitish to cream-coloured, centre brownish yellow, becoming ochraceus with age, with hygrophanous streaks. Lamellae emarginate, crowded, pale greyish brown when young, later pale brown. Stipe 6-13 cm long, 0.7-1.5 cm thick at apex, 1.5-2.5 cm wide at base, clavate to almost cylindrical, whitish, becoming very pale brown with age. Universal veil white, sparse. Context white. Odour in context honey-like. Exsiccata: pileus cream-coloured to ochre brownish, somewhat darker at the centre, lighter towards the margin, stipe somewhat lighter than pileus.
In MLZ: Spores 8.6-9.6-10.7 × 5.2-5.7-6.1 µm, av. = 9.0-10.1 × 5.5-5.9, Q = 1.54-1.70-1.85, Qav. = 1.60-1.76 (12 specimens, 320 spores, Fig. 5c ), amygdaloid to amygdaloid-ellipsoid, moderately to fairly strongly, unevenly, sometimes coarsely verrucose, warts fairly wide but not high, slightly (to moderately) dextrinoid. Basidia 24-36 × 7.5-9 µm (100 basidia), 4-spored, clavate, almost colourless. Lamellar trama hyphae pale pellucid yellowish, smooth, somewhat concolorous granulose-guttulate. Few small mounds of colourless crystals sometimes present in the lamellar trama. Stipe apex hyphae pale yellowish, smooth. Pileipellis: epicutis with a clear slime layer with 1.5-3 µm wide, smooth, colourless and very obscure hyphae. Hypoderm present, very pale brownish to almost colourless.
Ecology & Distribution -In the middle to northern boreal, mesic, mixed forests with Betula, among mosses, on oligotrophic to eutrophic soil. Often solitarily or in small groups. Known from Fennoscandia, Sakha, Russia, and Oregon, USA, and considered occasional. Fruiting in late summer to autumn.
Notes -Cortinarius pallidirimosus can easily be identified by the cream-coloured, hygrophanous streaked pileus, honeylike smell in context, large, amygdaloid to amygdaloid-ellipsoid spores, and habitat with Betula in the boreal zone. The other Betula associated species in sect. Multiformes, C. talus Fr., has relatively wider, ochraceous yellow pileus and smaller spores (7.3 -8.0 -8.8 × 4.5 -5.0 -5.2 µm) . Cortinarius gentianeus Bidaud and C. cremeiamarescens Kytöv., Liimat. & Niskanen are reminiscent of C. pallidirimosus, but the former two have a bitter tasting pileus, indistinct odour, and smaller, citriform to narrowly fusoid spores. In addition, the lamellae and pileipellis of both species are strongly red in MLZ.
The placement of C. pallidirimosus in /Multiformes is well supported (1.00 PP) and it forms a strongly supported subclade with C. caesiolamellatus and C. caesiophylloides. From its sister species C. caesiophylloides it differs by 11 substitutions and indel positions in ITS regions. The sequences of C. palli dirimosus have one base polymorphism and six intraspecific variation sites and the maximum pairwise distance is six. The amount of variation is highly compared to many other species in the genus Cortinarius in which the variation typically is 0-2 substitutions and/or indel positions. Most likely the data includes a close sister species, but more specimens would be needed to study this complex more in detail.
Cortinarius talimultiformis Kytöv., Liimat., Niskanen, A.F.S.
Taylor & Sesli, sp. nov. -MycoBank MB805876; Fig. 5d , 6c
Etymology. The name refers to the appearance of the species, which has features from both C. multiformis and C. talus. Illustration - Bidaud et al. (2006: pl. 596 ).
Pileus 4-12 cm broad, hemispherical to plano-convex, viscid, whitish fibrillose, especially near the margin, ochraceous yellow to red brown, with strongly hygrophanous streaks. Lamellae emarginate, crowded, pale grey when young, later pale greyish brown. Stipe 4-10 cm long, 1-2 cm thick at apex, 2-3.5 cm wide at base, clavate or with a somewhat marginate bulb, white. Universal veil white, sparse, sometimes fairly abundant at pileus margin. Context white. Odour slightly honey-like at the context of the base of the stipe. Exsiccata: pileus leather brown to yellow brown to mahogany brown, sometimes whitish variegate at the centre, stipe whitish to pale brownish.
In MLZ: Spores 8.4-9.5-10.7 × 5.0-5.5-6.1 µm, av. = 8.9-9.9 × 5.3-5.8 µm, Q = 1.58-1.73-1.87, Qav. = 1.68-1.78 (9 specimens, 320 spores, Fig. 5d ), amygdaloid to narrowly amygdaloid to amygdaloid-fusoid, with a long, narrowish apex, rather weakly to fairly strongly, lowly verrucose, slightly to moderately dextrinoid. Basidia 27-36 × 7-9 µm (80 basidia), 4-spored, clavate. Lamellar trama hyphae very pale yellowish, smooth. Stipe apex hyphae 4-8 µm wide, pale yellowish, smooth, some outermost ones 2-3 µm wide, in entangled bundles. Pileipel lis: epicutis with fairly thick, clear slime layer with 1.5-2.5 µm wide, colourless, hardly visible hyphae. Hypoderm present, in its upper part large, brownish yellow pigment spots abundant.
Ecology & Distribution -In hemiboreal to boreal, mesic coniferous forests with Picea and Abies. Known from North and Central Europe, and East Black Sea Region's mountains in Turkey, considered common. Basidiocarps occur from June to late August.
Notes -The appearance of C. talimultiformis is rather variable, but most often it is fairly low, wide and stout. The colour of the pileus varies from ochraceous yellow to mahogany brown and the form of the stipe from clavate to bulbous. Typical for the species, however, are the white fibrils on the pileus margin, narrow, prominently verrucose spores, abundant large yellow spots in the pileipellis, and habitat with Picea or Abies. The fruiting period of this species starts early and it can be found in early June. The sister species C. multiformis Fr. grows in similar habitats but has no fibrils on the pileus, the spores are moderately to strongly dextrinoid, fairly finely verrucose, and abundant large brownish yellow spots are present deep in the pileipellis. The colour of the pileus in the exsiccata is uniformly red brown. The other common species, C. talus Fr., is associated with deciduous trees, is pale ochraceous yellow, and the spores are smaller (7.3-8.0-8.8 × 4.5-5.0-5.2 µm).
Cortinarius talimultiformis formed a well-supported group in our phylogenetic analysis. It is a sister species of C. multiformis from which it differs by 6 substitutions and indel positions in ITS regions.
/pHLEgMACIOIDES
Cortinarius balteatialutaceus Kytöv., Liimat. & Niskanen, sp. nov. -MycoBank MB805877; Fig. 6d, 7a Etymology. The name refers to the colour of the pileus. Pileus 6 -12 cm broad, hemispherical to plano-convex, with a fairly persistently involute margin, first very slightly viscid, dry with age, pale brown with a whitish to very pale brown margin, becoming darker brown from centre. Lamellae emarginate, crowded, pale brownish grey when young, later pale brown. Stipe 5 -7 cm long, 1.3 -2.5 cm thick at apex, 1.8 -3.5 cm wide at base, clavate, sometimes with an almost marginate bulb, whitish. Universal veil white, sparse. Context white. Odour indistinct. KOHreaction in context yellow. Exsiccata: pileus leather brown at centre, paler at margin, stipe very pale brownish.
In MLZ: Spores 9.1-10.0 -10.9 × 5.0 -5.4 -5.9 µm, av. = 9.8-10.4 × 5.3 -5.5 µm, Q = 1.75 -1.85 -1.98, Qav. = 1.78 -1.87 (5 specimens, 140 spores, Fig. 7a ), amygdaloid-fusoid, sometimes with a low suprahilar depression, moderately to fairly strongly verrucose, warts mostly not anastomosing, weakly dextrinoid, yellowish brown. Although narrow, the spores are quite different in appearance than in C. balteaticlavatus. Basidia 30-39 × 7-8.5 µm (50 basidia), clavate, pale brownish, very finely granulose at the base. Lamellar trama hyphae with moderate to large, dark rice-like granules on yellowish green ground colour. Stipe apex hyphae pale yellow to pale brown, outermost hyphae with reddish brown, granulose contents. Pileipellis: epicutis very weakly gelatinous, uppermost hyphae 3 -8 µm wide, pale ochraceous to reddish brown, very finely, densely incrusted, with some small, red brown granules. Deep in the pileipellis some hyphae with fairly large, red brown to blackish brown granules and chips. The thin-walled upper hyphae lost with age and are mostly not seen in older basidiomes. Hypoderm absent.
Ecology & Distribution -Presumably with Betula, in subalpine birch forests but also in middle and northern boreal forests at least in oceanic areas. Produces fruitbodies from mid-August to mid-September. Known from Fennoscandia. No sequences of this species exist in public databases. Notes -Cortinarius balteatialutaceus belongs to /Balteatoalbi together with C. balteatoalbus Rob. Henry and C. balteati clavatus Kytöv., Liimat. & Niskanen. In the ITS regions it differs by 5 substitutions and indel positions from C. balteatoalbus and 7 substitutions and indel positions from C. balteaticlavatus. The sequences of C. balteatialutaceus have one base difference and the maximum pairwise distance is one. Typical for the species of the clade, compared to many other species of /Phlegmacioides, are basidiomata totally without bluish tints even when young and narrow, rather small spores. Cortinarius balteatialutaceus is a stout, C. balteatus-like species and grows in subalpine birch forests but also in middle and northern boreal forests at least in oceanic areas. The sister species C. balteatoalbus has less verrucose spores and lamellar trama hyphae are densely small-granulose in MLZ. In addition, C. balteatoalbus has a more southern, hemiboreal to montane distribution although it also rarely occurs in the middle boreal zone. Cortinarius balte aticlavatus has a relatively longer stipe, brown pileus margin, on average smaller spores (av. = 8.5 -9.3 × 4.9-5.1 µm) and it grows in mixed forests in boreal zone. Cortinarius balteatus (Fr.) Fr. and C. badiolatus (M.M. Moser) M.M. Moser occur in subalpine forests but have larger spores, C. balteatus 10-12 × 5.5-6.5 µm and C. badiolatus 10.5-12.5 × 5.5-7.5 µm. In addition, the pileus margin of C. balteatus is usually blue, at least when young. Cortinarius arenisilvae (Brandrud) Brandrud is reminiscent of C. balteatialutaceus but the former grows in dry, sandy pine heaths and has smaller spores (7.7-9.5 × 4.3-5.2 µm). Pileus 6-13 cm broad, hemispherical to plano-convex, slight ly viscid in moist weather, otherwise dry, coarsely innately fibrillose, pale brown with a whitish to very pale brown margin, rarely completely white, becoming brown with age. Lamellae emarginate, crowded, pale grey when young, later pale brown. Stipe 4-7 cm long, 1.5-2.5 cm thick at apex, 2.5-4 cm wide at base, with a more or less marginate bulb, whitish. Universal veil white, later ochraceous brown at bulb margin, sparse. Context white. Odour indistinct in lamellae, in flesh mild and pleasant. KOHreaction in context yellow. Exsiccata: pileus brown to brownish to leathercoloured, stipe at the top whitish, at the base concolorous with the pileus.
Cortinarius balteatibulbosus
In MLZ: Spores 9.1-9.9-10.9 × 5.2-5.7-6.1 µm, av. = 9.6-10.2 × 5.6 -5.8 µm, Q = 1.58 -1.74 -1.89, Qav. = 1.66 -1.82 (6 specimens, 120 spores, Fig. 7b ), broadly amygdaloid to citriform, fairly strongly, darkly verrucose, fairly dark-coloured, somewhat dextrinoid. Basidia 30-42 × 7-10 µm (60 basidia), clavate, brownish, finely granulose and with few larger granules at the base. Lamellar trama hyphae with moderate to large, dark rice-like granules on brownish to yellowish ground colour. Stipe apex hyphae orange brown, in outermost hyphae with abundant dark red brown, partly blackish brown contents. Pileipellis: gelatinous layer practically absent, uppermost hyphae 4-8 µm wide, thin-walled, ochraceous brown to reddish brown, mostly finely, densely, spirally incrusted, with few red brown granules. Lower hyphae somewhat wider with slightly thicker, smooth to incrusted, brown walls and dark sepia brown granular contents, granules small to large. The thin-walled upper hyphae lost with age and are mostly not seen in older basidiomata.
Ecology & Distribution -In rich mixed forests, in parks, and on yard lawns with different deciduous trees (Tilia, Quercus, Fagus, Populus, Corylus, Betula) . Until now all the collections known to us are from the hemiboreal zone. Widespread in Europe, from Bulgaria to Finland. Can fruit very early in the season, in July, but also in September. Pileus 5 -9 cm broad, hemispherical to plano-convex, with an involute margin when young, dry, sand brown to brown, completely without bluish tints. Lamellae emarginate, crowded, pale brownish grey when young, later brown. Stipe 6-11 cm long, 1.2-2 cm thick at apex, 1.5-2.5 cm wide at base, clavate, whitish. Universal veil whitish to ochraceous, fairly sparse. Context thick, white to very pale marbled brownish. Odour indistinct. KOHreaction in context yellow. Exsiccata: pileus uniformly pale brown to brown, stipe whitish at the top, pale brown at the base.
In MLZ: Spores 8.2-8.9-10.0 × 4.5-5.0-5.4 µm, av. = 8.5-9.3 × 4.9-5.1 µm, Q = 1.60-1.78-1.94, Qav. = 1.72-1.85 (5 specimens, 160 spores, Fig. 7c ), narrowly amygdaloid to fusoid, with blunt apex, finely, densely verrucose, warts not anastomosing, fairly light-coloured, very faintly dextrinoid. Basidia 27-39 × 6.5-8.5 µm (40 basidia), clavate, 4-spored, pale brownish, finely granulose at the base, sometimes with a few dark granules. Lamellar trama hyphae with small to moderate, dark rice-shaped granules. Stipe apex hyphae yellowish brownish, outermost ones with yellow brown to red brown substance and some dark granules. Pileipellis: gelatinous layer absent, uppermost hyphae 4-10 µm wide, thin-walled, ochraceous brown, finely, densely, spirally to spot-like incrusted, with many large, dark red brown, angular particles. Lower hyphae with slightly thicker, smooth to incrusted, brown walls and red brown to sepia brown granular contents, granules small to large. The thin-walled upper hyphae lost with age and are mostly not seen in older basidiomata.
Ecology & Distribution -In mixed forests (Betula, Populus, Salix, Picea, Pinus) but the tree host is unknown, most of the collections from grassy roadsides. Occurs in the southern boreal to the northern boreal zones, known from South Finland to Lapland. Fruits from mid-August to mid-September. clade, compared to many other species of /Phlegmacioides, are basidiomata without bluish tints and narrow, rather small spores. Cortinarius balteaticlavatus grows in mixed forests in boreal zones. It is a stout species that resembles C. crassus Fr. The latter, however, has narrower spores (7-9 × 3.5-4.5 µm), abundant cylindrical to clavate cystidia especially at the lamellar edge, and no KOHreaction in context. Cortinarius balteatoalbus differs from C. balteaticlavatus by its lower and wider appearance, larger spores, and more incrusted pileipellis hyphae. Cortinarius balteatialutaceus has a relatively shorter stipe, whitish to very pale brown pileus margin, and larger, moderately to fairly strongly verrucose spores.
Cortinarius brunneiaurantius Kytöv., Liimat. & Niskanen, sp. nov. -MycoBank MB805880; Fig. 6g, 7d Etymology. The name refers to the colour of the pileus. Pileus 4 -9 cm broad, hemispherical to plano-convex, at first viscid but soon dry, centre with small, appressed scales, innately fibrillose toward margin, pale ochraceous brown. Lamellae emarginate, crowded, bluish to pale grey when young, later pale brown. Stipe 4 -9 cm long, 0.8 -1.5 cm thick at apex, 1.2-2 cm wide at base, clavate, first whitish, later pale brown. Universal veil white, soon brownish, rather sparse. Context white in the pileus, bluish at least in the upper part of the stipe. Odour not recorded. KOHreaction in context yellow. Exsiccata: pileus orange brown to brown at the centre, paler yellowish brown at the margin, stipe pale brown.
In MLZ: Spores 8.2 -8.9-9.7 × 4.8 -5.2-5.4 µm, av. = 8.9 × 5.2 µm, Q = 1.58 -1.71-1.83, Qav. = 1.70 -1.71 (2 specimens, 100 spores, Fig. 7d ), amygdaloid to citriform, with a shallow suprahilar depression, moderately to fairly strongly verrusose, warts dark, moderately dextrinoid, often very dark. Basidia 30-38 × 7-8 µm, 4-spored, clavate, sand brown, with very small granules. Lamellar trama hyphae with dark small granules and blood red substance or large granules and chips on greenish greyish ground colour. Stipe apex hyphae bright yellow, some with granules and chips, outermost ones yellow to reddish brown with blood blackish contents. Pileipellis simplex, in overall view orange red, uppermost hyphae 4-8 µm wide, with clearly discernible spirally incrusted wall and some dark granule mounds inside. Lower hyphae wider, more yellow, almost smooth, with abundant dark granular substance. Hypoderm absent.
Ecology Pileus 5-9 cm broad, hemispherical to convex, then planoconvex, slightly viscid, innately fibrillose, more so toward margin, bluish violet to violet brown. Lamellae emarginate, crowded, first pale greyish brown with a bluish tint, later pale brown to brown. Stipe 6-10 cm long, 1-2 cm thick at apex, 2-3.5 cm wide at base, clavate, whitish, with a bluish tint at the apex. Universal veil first pale blue, later becoming brown, sparse. Context blue in all parts or partially whitish but blue at least close to lamellae. Odour indistinct. KOHreaction in context yellow. Exsiccata: pileus pale greyish brown to violet brown, stipe pale greyish brown, brown at base.
In MLZ: Spores 9.1-9.9-10.9 × 5.4-5.8-6.3 µm, av. = 9.8-9.9 × 5.7-5.9 µm, Q = 1.59 -1.70 -1.84, Qav. = 1.67-1.72 (2 specimens, 120 spores, Fig. 7e ), weakly citriform, sometimes with a low suprahilar depression, dark-coloured, moderately dextrinoid, fairly strongly verrucose, warts anastomosing, dark. Basidia 30-41 × 7.5-9.0 µm (40 basidia), 4-spored, clavate, reddish sand brown, mostly with some blood red particles. Lamellar trama hyphae yellow to orange yellowish, with small granules. Stipe apex hyphae yellow to orange yellow, with small granules, the outermost ones fairly red, with very small blood red granules. Velum/cortina hyphae fairly red, with very small blood red granules. Pileipellis: epicutis weakly gelatinous, uppermost hyphae narrow, 2-4 µm wide, ochraceous brown, spirally incrusted, mostly not granulose, mostly without large redbrown particles, lower hyphae up to 8 µm wide, mostly incrusted, somewhat granulose with small, brown granules. Hypoderm absent.
Ecology & Distribution -Under Quercus, Populus and Co rylus on mull soil in parks, roadsides and deciduous forests. Known from southern Finland. No sequences of this species exist in public databases.
Other specimen examined. Finland, Uusimaa, Helsinki, the cemetery of Malmi, Quercus robur alley, on cut meadow, 17 Aug. 1997, I. Kytövuori 97-207, H6032730 (H). Notes -Cortinarius caesiocolor is a typical member of /Phlegmacioides. Typical for the species are bluish to violet pileus and upper part of the stipe (appearance somewhat like C. porphyropus), small spores, and habitat with deciduous trees. The sister species C. chromataphilus Rob. Henry and more distantly related C. largus Fr., which also grow in deciduous forests, are at pileus centre greyish brown, towards margin greyish blue, and have larger spores (spores of C. chromataphilus 10.5-13 × 6-6.5 µm, of C. largus 10.0-11.8 × 6.1-8.8 µm). Another small-spored species with bluish colours is C. violaceomaculatus Brandrud, but it has smaller (8.8-10.2 × 5.2-5.7 µm), more weakly verrucose spores, and grows with conifers. Cortinarius caesiocolor formed a well-supported clade in our phylogenetic analysis and differs in ITS regions from C. chromataphilus by 16 substitutions and indel positions. The sequences of C. caesio color have three base and one length polymorphisms and the maximum pairwise distance is zero.
Cortinarius myrtilliphilus Kytöv., Liimat., Niskanen & Brandrud, Fig. 7f Etymology. The name refers to the habitat with Vaccinium myrtillus. Pileus 4.5-9(-11) cm broad, hemispherical to plano-convex, with slightly incurved margin, weakly to distinctly viscid when young, soon dry, with appressed veil scales, especially at centre, pale yellowish brown to darker ochraceous brown to leather brown (like C. balteatus), young margin paler, almost whitish; sometimes with hygrophanous streaks. Lamellae emarginate, crowded, greyish white when young, later pale brown. Stipe 5.5-11 cm long, 1-2(-2.5) cm thick at apex, 1.5-3 cm wide at base, clavate, at first white, later becoming pale brown from base. Universal veil white, sparse. Context white, faintly greyish hygrophanous at stipe apex. Odour indistinct to weak, pleasant, resembling corn. KOHreaction in context strongly yellow when young, later weakly yellow or with yellow margin. Exsiccata: pileus uniformly pale warm yellowish brown to brown or somewhat darker at the middle, stipe with the same tint as pileus but lighter.
In MLZ: Spores 10.9-12.1-13.4 × 6.3-6.9 -7.5 µm, Q = 1.63-1.79 -1.91 (2 specimens, 100 spores, Fig. 7f ), amygdaloid-fusoid with a distinct suprahilar depression and a long apical part (in form very much like those in C. collinitus), (finely to) moderately verrucose, somewhat dextrinoid. Basidia 33-45 × 8.5-11 µm (40 basidia), sand brown, dark granules very few. Lamellar trama hyphae with small granules. Stipe apex hyphae: pale brown, outermost hyphae more reddish, dark granules few. Pileipellis: gelatinous layer present, erect-sinuose gelatinous hyphae 4-6(-8) µm wide, repent subsurface hyphae 5-10 µm wide, fairly thin-walled, finely to fairly strongly spirally incrusted, with some dark red brown, angular particles. Lower hyphae with slightly thicker, smooth to strongly and coarsely incrusted hyphae with dark red brown, farinose to granulose contents.
Ecology & Distribution -In mesic Picea dominated forests, from richer to poor Vaccinium myrtillus type. So far only known from middle boreal zone from Finland and Norway and might be rare. Produces fruitbodies in autumn.
Other specimens examined. Norway, Oppland, Ringebu, Venabygd, c. 700 m asl, Picea abies forest, ± poor raw humus, mossy Vaccinium myrtillus type, 30 Aug. 1994, E. Bendiksen & T.E. Brandrud, TEB 4-94, O 125949 (O, sub nom. C. vacciniophilus) .
Notes -Cortinarius myrtilliphilus belongs to /Phlegmacioides. It has an ochraceous brown pileus and pale greyish white lamellae, both without bluish tints, large spores, and it grows in mesic Picea dominated forests. It has previously been confused with C. pseudonaevosus Rob. Henry (= C. acidophilus Brandrud) which is a common spruce forest species in northern Europe and also occurs in mountain areas of Central Europe. Typically, C. pseudonaevosus has bluish pileus margin, bluish tints in context of the pileus and stipe apex, and smaller spores. However, C. myrtilliphilus strongly resembles the large-spored and non-bluish specimens of C. pseudonaevosus. Previously, these variants were called C. vacciniophilus Brandrud (Brandrud 1998) . These large-spored C. vacciniophilus specimens are in some regions as frequent as the smaller spored C. aci dophilus specimens (Gjerde et al. 2012) . Our molecular studies showed that a majority of the large-spored specimens are in fact C. pseudonaevosus, leaving C. pseudonaevosus as an apparently genetic uniform but morphologically heterogeneous species. On the other hand, analysis of ITS sequences also showed that C. myrtilliphilus represents an autonomous species and C. myrtilliphilus and C. pseudonaevosus are not closely related. Cortinarius pseudonaevosus belongs to a strongly supported clade (0.99 PP) with C. balteatus (Fr.) Fr., C. brunneiaurantius Kytöv., Liimat. & Niskanen, C. brunneoviolaceus Bidaud, C. so brius and C. clarobaltoides var. longispermus Reumaux, while C. myrtilliphilus is placed elsewhere in /Phlegmacioides, but further relationships with the other members of the clade were not fully resolved. Based on the pairwise comparison of the ITS sequences the closest species is C. badiolatus (M.M. Moser) M.M. Moser (= C. durus s.auct.) from which it differs by 11 substitutions and indel positions. Cortinarius badiolatus differs from C. myrtilliphilus by paler, initially almost whitish colours of the pileus, and habitat mainly in subalpine Betula forests. Based on molecular and morphological data we conclude that C. myrtilliphilus represent an autonomous species and describe it here as new to science. Cortinarius myrtilliphilus must be a very rare species, by us only found twice during many years of study. Due to limited material, we do not fully know the morphological variation of C. myrtilliphilus, and the morphological overlap with the similar, but genetically quite distant, largespored variants of C. pseudonaevosus (= C. vacciniophilus p.p.) needs further study.
DISCUSSION
Type studies
The majority of names published in the genus Cortinarius have been by French taxonomists, representing over half of the types we studied, 132 names representing 77 species, but for 17 of these an earlier name by other taxonomists exist, so in reality the number of truly new species they described is 60. They represent species from both broadleaf hardwood (about 60 %) and conifer forests. Thus, the Cortinarii of France are among the most extensively studied in the world. Although Friesian names often dominate the nomenclatural discussions in Cortinarius, the number of species he described is significantly less than the numbers for French authors. In Fries (1836 Fries ( -1838 there are about 50 names belonging to the groups we studied and of these 32 are currently included in Funga Nordica (Jeppesen et al. 2012) . This demonstrates how difficult it is to interpret old names with vague descriptions and no type material. The Friesian names currently in use include mainly species for which either published or unpublished illustrations exists making them easier to interpret. Species with Friesian names represent about 20 % of the species recognized in this study. A similar trend occurs in subg. Telamonia. For example, in sections Armillati and Brunnei 30 % of the total known species were described by Fries, and in the morphologically challenging sect. Bovini only 8 % (Niskanen et al. 2009 (Niskanen et al. , 2011a (Niskanen et al. , 2013a .
From North America we studied 60 types, representing 59 species. Of these, 52 species (88 %) have apparently not been described from anywhere else in the world, while one of them is the older synonym for a European name (C. metarius Kauffman = C. barbarorum Bidaud, Moënne-Locc. & Reumaux). Thirty-five of these species were described from the mountains and coastal areas of western North America, 13 species are from the Rocky Mountains and 12 species were collected from eastern North America, mainly Michigan. Almost all the names that are synonyms of European species are associated with conifers, i.e., C. crassus 2013a, b) . Interestingly, many names described from Europe have been used in North America, whereas few names from North America have been applied to taxa in Europe.
Of the 154 species recognised in this study 114 of them have no synonyms, however, the remaining 40 species each have one or more synonyms. The species with a significant number of synonyms include C. largus (14), C. pseudonaevosus (6), C. talus (5), C. crassus (4) and C. varius (4), all represent rather common species. The authors whose names we studied have all described synonyms. This is in part due to the difficulty in determining which species already have been described, especially based only on morphology and ecology. The narrow species concept of Bidaud, Henry, Moënne-Loccoz and Remaux was not supported by our study nor were the broad species concepts of Fries, Brandrud and Jeppesen et al. (2012) as supported by the results of Frøslev et al. (2007) and Niskanen et al. (2009 Niskanen et al. ( , 2011a . In this paper, species names have been synonymised when both molecular and morphological data have supported it. Of course there is some risk that morphological differences have been overlooked by studying too few specimens. Based on the overall data we have on Cortinarius it would seem logical, however, that in the majority of cases the synonymization is correct. In doubtful cases, when the variation in ITS regions of a group of specimens has been more than 2 substitutions and/ or indel positions and we have not had enough specimens to make further comparisons, we have left names unchanged, i.e. C. albescens/C. gentianeus/C. volvatus, C. herpeticus/C. vio laceonitens, and C. misermontii /C. olidoamarus var. valentinus / C. subaccedens/C. vancampiae. Also, the following species with higher intraspecific variation may in reality represent two to several species: C. aureofulvus s.auct. /C. orichalceus var. xan thocephalus, C. pallidirimosus, C. porphyropus and C. scaurus.
Our study includes the majority of names described in subg. Phlegmacium, excluding sect. Riederi and parts of sections Calochroi and Fulvi already treated or to be treated by other taxonomists (e.g. Frøslev et al. 2007 ). In some instances, type material could not be acquired or found in herbaria, i.e. the material of C.H. Peck (NYSM) and some of the material of R. Henry (PC) . In other cases they were not possible to study within the time frame of this study, i.e. the early names described by M. Moser (M). Peck published from 1870 to 1912 about 80 names in the genus Cortinarius and the names represent at least twenty species of subg. Phlegmacium s.lato based on morphological and microscopical features. The material deposited in München includes about 30 Phlegmacium species. For about 55 Phlegmacium species described by Henry the type material was not found and over 20 additional ones remain to be studied. Therefore, it is possible that some of these names have priority over currently applied Cortinarius names, including some of those in this paper. Our plan is to acquire Peck's, the remaining materials of Moser's and Henry's, and perhaps others that we have overlooked in the near future and attempt to sequence them for comparison.
New species
The majority of new species described here represent boreal taxa, i.e. C. pallidirimosus, C. balteaticlavatus and C. myrtil liphilus, and/or are species that previously have been included within the morphological limits of other, 'well-known' taxa, these include C. boreicyanites and C. subfraudulosus. The large number of unknown, boreal species is not surprising, since the majority of existing names are described from hemiboreal and temperate zones or from the mountains of Central and southern Europe. Even though the Cortinarius species of Europe have been extensively studied, there undoubtedly remain a lot of taxa to be discovered, not to mention in other areas of the world, which are less explored.
Factors affecting on the success of molecular work
The success of the molecular studies was significantly influenced by the condition of type specimens, including the age of the specimen, how it was dried and/or preserved, and whether or not it was mouldy. Also, the length polymorphism of the ITS region caused some problems with direct sequencing. In general, Cortinarius is one of the easiest genera of Agaricales for molecular work. Often DNA can be extracted with regular methods even from old specimens. For example, we obtained a complete ITS region from the type material fo C. sobrius P. Karst. (collected in 1890) and C. virentophyllus Kauffman (collected in 1912) . The success rate usually decreases with older specimens, however, there is some difference between the specimens collected by different authors. For example, we were not able to successfully sequence any of the specimens collected by T. Hongo during 1960 -1968 (Niskanen et al. 2011a , and unpublished data of C. cinnamomeoides Hongo, C. neoarmillatus Hongo and C. nigrosquamosus Hongo) whereas the success rate for the specimens collected by A.H. Smith mainly during 1935 -1941 was much better. This could be due to the drying process itself, for example, drying temperature, length of drying time, which is related to air circulation, and the condition of fresh specimens when placed on the dryer. In particular, the type collections of R. Henry proved challenging, since often the material was sparse and poorly labelled, and many were mouldy. In some instances types were missing, could not be located at the time they were requested, or were not available for study.
Several things can improve the success rate of problematic specimens. For example, methods that provided high quality DNA extraction, and PCR and sequencing machines improved the results. If the DNA is fragmented, amplifying and sequencing ITS1 and ITS2 regions separately was often helpful.
Recommendations for stabilizing the nomenclature
For achieving a stable and unambiguous use of names, the following requirements should be fulfilled whenever possible. Types of existing names should be studied. Even easily identifiable species like C. balteatoalbus can be misinterpreted, or a species may turn out to be a group of cryptic species, for example, C. dionysae and C. elegantior (Garnica et al. 2011 ). Taxonomists should not use names in barcoding databases unless they have been verified by molecular type studies. For old names that do not have type specimens or where the type specimen is in poor condition or not available because of historical preservation, a neotype, lectotype or epitype should be chosen. Names rejected due to the problems of interpretation should be excluded from consideration. If the name is not verified with a sequence from a type specimen its application will be uncertain and a source of confusion. A significant problem with neo-, lecto-and epitypes is the lack of a database for them. It is difficult to find out if a type already has been designated thus hindering nomenclatorial work.
New names should not be accepted for publication without the support of molecular data in genera where the amplification of the ITS or other sequences is easily done, thus preventing the description of synonyms and creating a sound reference database for further taxonomical and ecological studies. Finally, when studying types it is essential to mark the basidiomata from which the DNA has been extracted. Some collection might turn out to be mixed, and thus, knowing exactly which basidiocarp has been studied, will be necessary.
These recommendations may seem self-evident, but have been neglected in many cases. Often the reason is a lack of resources and/or knowledge. At least in Cortinarius the amount of already existing names is overwhelming and we need to proceed carefully from this point forward.
Infrageneric classification
The classification of Cortinarius is not yet stabilised and many traditional infrageneric groups have shown to be at least partly artificial. Therefore, when studying a certain group of species, it might be difficult to find all the relevant species described from literature. The aim of the phylogenetic estimates in this study was not to solve the infrageneric classification of Cortinarius but to show the preliminary placement of the studied species, which then could be used for guidance in further taxonomical studies.
In our phylogenetic analysis ten of the twelve clades representing phlegmacioid species sensu Garnica et al. (2005) were recovered: /Alluti (= Multiformes), /Amarescentes (= Infracti), /Arguti/Calochroi, /Percomes, /Phlegmacium, /Phlegmacioides, /Praestantes (= Claricolores), and /Scauri. In addition, /Glaucopodes was well supported in our analysis. Clades /Caerulescentes and /Vulpini were split.
Barcoding Cortinarius
This study provides ITS barcodes for 175 Cortinarius species. This data enables the identification of a majority of boreal and temperate species of Phlegmacia, except for sections Calochroi, Fulvi, for which part of the ITS sequences already are published (e.g. Frøslev et al. 2007 ) and Riederi, from Europe and parts of North America.
Of the 236 names we studied, only 61 were currently represented in GenBank. It is noteworthy that almost half of these names are Friesian names and a third of them are names published from North America. Only 4 % of the names described by French authors have made their way into general use in GenBank. This emphasizes the importance of type studies and the role of taxonomists in the creation of an identification database. If we do not produce sound basic data on Cortinarius species, it is difficult or impossible in many cases for non-taxonomists to identify specimens or environmental samples.
A barcoding database based on type studies is essential for ecological, environmental or further taxonomic research. Once completed, it will create a solid base for future studies. Barcoding is a powerful tool, which enables us to identify and compare species from different regions in a completely new way. This is especially true and important for fungi like Cortinarius, which are morphologically challenging and difficult to identify. Finally, we are able to reliably compare our knowledge on species from different areas. A base for Phlegmacia is created here and provides a beginning and direction for future studies in Cortinarius.
